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ABSTRACT
The Tectonic Evolution of the Panther Creek Half-Graben
in East-Central Idaho
by
Brian F. Hammond, Master of Science
Utah State University, 1994
Major Professor: Dr. Susanne U. Janecke
Department: Geology
An integrated field, petrographic , structural , and geophysical analysis of
the Panther Creek half-graben (PCHG), in east-central Idaho, was
undertaken to determine its tectonic origin. Two competing theories as to the
origin of the PCHG exist. One suggests that it formed as part of the TransChallis fault system (TCFS), a system of northeast-trending normal faults,
eruptive centers, and graben that formed in Middle Eocene time. The graben
of this system are bounded by northeast-striking normal faults, and show
evidence of syn-tectonic deposition of basin-filling volcanic strata. The other
theory suggests that the PCHG may have evolved as a result of a post-Challis
volcanic extension event (Late Eocene to Early Oligocene). Graben of this
event are bounded by NNW-striking normal faults, and Challis volcanic strata
are uniformly tilted; this evidence suggests post-volcanic basin formation.
This study demonstrates that formation of the PCHG was mostly synchronous
with volcanism and that there was very little post-volcanic deformation.

X

Other conclusions of this research are 1) Rates of slip on basin-bounding
faults were high, and slip was episodic. Slip occurred on both NE and NNWstriking faults, but more occurred on the NE-striking basin-bounding fault. This
is consistent with the dominant NE strike of faults within the TCFS. 2) Most of
the older volcanic units in the basin dip more steeply to the SE than overlying
younger units , this is evidence for synvolcanic deposition . 3) There is
significant hanging wall deformation in the form of folds and normal faults,
particularly in the northern and southern portions of the basin . 4)
Paleocurrents determined from provenance studies and imbricate fabric in
exposed conglomerate beds indicate a flow direction largely to the northwest.
This paleocurrent flow crosses the strike of the syn-extensional basin-filling
units. 5) The composition of the clasts in the post-volcanic basin-fill deposits
suggests that the thick volcanic units preserved in the basin never blanketed
highlands NE, E, and SE of the basin and that the footwall of the basinbounding fault system was the main source of sediment in the basin. 6) The
magnetic and bouguer gravity surveys indicate a sizable intrusion (most likely
related to the nearby Casto pluton) beneath the west-central portions of the
basin. The intrusion(s) may be responsible for east-plunging folds in the tuff of
Castle Rock. 7) Work initiated during this study to determine the 40Arf39Ar
incremental-release mineral ages and the polarity of the tuff of Castle Rock
and the tuff of Challis Creek will help determine the relationship between
these two units and will precisely date basin development. However, it is
clear that the basin was nearly fully formed by the end of Challis volcanism.
(101 pages)

INTRODUCTION
Objectives

The goal of this study is to determine the geometry, the kinematics, and the
timing of the formation of the Panther Creek half-graben (PCHG) in east-central
Idaho (Figs. 1 and 2). This study will also determine the relationship between
magmatism and the episode of extension recorded by basin development.
Cenozoic crustal extension in east-central Idaho began about 51 Ma (Fisher
and others, 1992) and continues to the present. Three distinct episodes of
extension, one synvolcanic and two postvolcanic, comprise one of the longest
intervals of extension yet documented in the North American Cordillera
(Janecke, 1991). A unique feature of this episode is the 90° change in
extension direction that occurred between 46-48 Ma at the end of Challis
magmatism (Janecke, 1991; Janecke, 1992). Key characteristics and the
timing of each event are:
(Episode 1) NE-striking high-angle normal faults, dike swarms, graben,
caldera, and cauldron complexes associated with the Early to Middle Eocene
trans-Challis fault zone (TCFS) (Fig. 2) (McIntyre and others, 1982; Bennett
and Knowles, 1985; Ekren, 1985; Fisher, 1985; Hardyman, 1985; Bennett,
1986; Ekren, 1988; Fisher and others, 1992; Fig. 3 is an index map).
(Episode 2) N-to-NNW-trending half-graben, NNW-striking normal faults,
and tilted mountain blocks throughout east-central Idaho. These basins
initiated during the final phases of Challis volcanism, but most outlasted the
volcanic activity (Fig. 2) (Janecka and Snee, 1993; Fig. 3). The evidence that
this episode was largely post-Challis volcanics (Middle Eocene-Oligocene) is
the observation that most of the volcanic strata preserved in these basins are
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Figure 1. Location and access of the Panther Creek half-graben (PCHG) in
east-central Idaho. Access within the basin is greatly aided by Forest Service
roads along Moyer and Porphyry Creeks and along the ridge from Porphyry
Creek Summit to Red Rock Peak (see plate 1). Adapted from Bennett (19n},
McIntyre and others {1982), Hardyman {1985), Connor and Evans (1986},
Ekren (1988), and Fisher and others {1992).
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uniformly tilted, evidence that the strata were deposited prior to basin
development (Janecka and Snee, 1993).
(Episode 3) N-NW-striking normal faults that are responsible for the present
NW-trending basins and ranges of east-central Idaho and western Montana
(Scott and others, 1985). It is likely that the Basin-and-Range episode initiated
in the early Middle Miocene Epoch (Fields and others, 1985; Janecka , 1991 ).
The 1983 Borah Peak earthquake is evidence that Basin-and-Range extension
continues to this day.
Existing small-scale maps (1:125,000, 1:250,000) by Ekren (1988) and
Fisher and others (1992) (Fig. 3) show that the development of the PCHG was
apparently controlled by NE- and NW-striking normal faults along the eastern
boundary of the basin. The PCHG is located at the northern limit of collapse
features associated with episode 1, and at the western margin of features
associated with episode 2 (Fig. 2). This project was undertaken to determine if
the PCHG formed during the mostly post-Challis-volcanics, pre-Basin-andRange episode of extension (episode 2) that marked a change from NW-WNW
directed synvolcanic extension to WSW-SW-directed postvolcanic extension.
Basin development may have been due to gravitational collapse, active or
passive rifting, or perhaps to a combination of the different models.
Discriminating between synvolcanic and postvolcanic basin development will
identify which dynamic model for the underlying causes of extension best fits
development of this basin.

Geologic Setting
The oldest rocks in the area of the PCHG are Middle Proterozoic
metasedimentary units. They are dominated by variegated gray, argillaceous,
mostly thin-bedded quartzite, dark-gray siltite, and argillite of the Yellowjacket

4
114° 00'

I
I

~

115~ 30'
45" 00'

0

o

10
1o

20

20
30

BillGraben of the TCFS
-

30

40 Miles

40 Kilometers

~

~

~ Salmon

t

N

late Middle Eocene and Oligocene basins

Faults associated with the TCFS; bar and ball on down thrown side
;:

I
I

NW striking faults not part of
TCFS

Strike-slip faults that may predate development of the TCFS

Figure 2. Features associated with the TCFS and later extensional events.
TCFS (episode 1): VH, Van Hom Peak cauldron complex; TM, Thunder
Mountain cauldron complex; CR, Castle Rock cauldron seqment: CC, Corral
Creek cauldron segment; TP, Twin Peaks caldera: PC, Pistol Creek dike
swarm; PCHG, Panther Creek half-graben; CG, Custer Graben: KG, Knapp
Creek Graben; CP, Casto Pluton. Basins formed during episode 2: ACB,
Allison Creek Basin; SB, Salmon Basin. Sources: Shockey, 1957; Bennett,
1977; Harrison, 1985; Ekren, 1988; Janecka, 1991; Fisher and others, 1992;
Janecka and Snee, 1993.

-

--

- --·-

··

5

1

4

3

5

6

8

7

_..,_.....,..,J

44° 00' ..._ ___________________

114° 00'

115° 00'
0

0

10
10

30

20
20

30

40

40

Kilometers

Area covered by plate 1

SOURCES OF DATA

Miles

(See list of references)

1.
2.
3.
4.
5.
6.
7.
8.
9.

Janecke and Snee (1993)
Ekren (1988) plate 1
Bennett (19n)
Shockey (1957)
Harrison (1985)
Ekren (1988) plate 2
Fisher et al. (1992)
Janecka and Snee (1993)
Janecka (1991)

Figure 3. Index map for Figure 2. Where these maps overlap, only the map
that was the primary reference for a given area is shown.

6
Formation, an unnamed argillite, and the Apple Creek Formation (Plate 1}.
Included in this package of thin-bedded rocks is the mostly white and light-gray,
fine-grained, obscurely bedded Hoodoo Quartzite (Shockey, 1957; Bennett,
1977; Modreski, 1985; Connor and Evans, 1986; Ekren, 1988; Fisher and
others, 1992}. These rocks may correlate with the oldest rocks of the Belt
Supergroup of western Montana and northern Idaho (Ruppel, 1975; Lopez,
1982; Ekren, 1988).
Beds of the Yellowjacket Formation and Hoodoo Quartzite were first
deformed (folded and cleaved) during Middle Proterozo ic time as evidenced by
plutonic rocks which cut the deformed Proterozoic rocks and which have an age
of 1,370 Ma (Ekren, 1988}. Specular-hematite veins located in the NE footwall
of the PCHG (Fig. 5} probably formed during this event (Modreski, 1985).
Additional folding probably occurred during the Antler and Sevier orogenies
(Ekren, 1988). Also, prior to the deposition of the Challis volcanic rocks, the
Proterozoic rocks may have been further folded, tilted, and faulted during the
Early Eocene or Paleocene Epochs, when numerous NW-striking right-slip
faults and several NE-striking left-slip faults presumably formed (Fig. 2)
(McIntyre and others 1982; Ekren, 1988; Fisher and others, 1992}. The Middle
Proterozoic rocks give way to progressively younger strata to the south and
east (Fisher, 1985).
The Cretaceous Idaho batholith west of the PCHG is overlain by Challis
volcanic rocks, indicating that it was unroofed by Middle Eocene time.
Approximately 8 km of overburden that covered the batholith were completely
removed by erosion during latest Cretaceous to Paleocene time (Shockey,
1957; Rodgers and Janecke, 1992}. This produced an erosion surface that had
local relief of approximately one hundred meters and regional relief that
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exceeded one kilometer. Deposited on this surface is a lower Tertiary
conglomerate, perhaps deposited in response to Mesozoic shortening
(Shockey, 1957). This conglomerate is sporadic, thin, and generally confined to
paleocanyons (Shockey, 1957).
Challis volcanic rocks were deposited on an erosion surface modified from
the earlier one. Relief estimates on the pre-Challis surface vary from as much
as 2 km in areas north of the Challis 1° X 2° quadrangle (Shockey, 1957) and in
the eastern portion of the quadrangle (McIntyre and others, 1982), to less than
one kilometer in the southern portion of the quadrangle (F. J. Moye, oral
communication in Rodgers and Janecka, 1992). This prevolcanic relief may
have controlled the distribution and thickness of the Challis volcanic rocks
(Ross and Smith, 1961; McIntyre and others, 1982).
NW and SE of the PCHG is a zone of NW-and NE-striking faults (Fig. 2).
Their linear traces across rugged topography and their left-slip and right-slip
senses of motion (Ekren, 1988) suggest that they are strike-slip faults. The NEstriking, left-slip faults displace the NW-striking, right-slip faults. These faults
are intruded by pink granophyre, dated at about 44 Ma (Fisher and others,
1992), and they are truncated by faults related to the PCHG (McIntyre and
others, 1982; Ekren, 1988). Ekren (1988) hypothesized that these faults, rifting,
and magmatic activity of the Challis Volcanics commenced nearly
simultaneously in early Middle Eocene time.
Volcanism started in east-central Idaho about 51 Ma with voluminous
eruptions of intermediate-composition lavas (Armstrong, 1974; McIntyre and
others, 1982). The eruption of these lavas continued for about 2 m.y. (Ekren,
1988). About 48.4 Ma, at least 400 cubic km of rhyodacite tuff erupted. This
evacuation caused the collapse of a NW-trending area 70 km long and 40 km
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wide (McIntyre and others, 1982; Ekren, 1985). Much of the Van Horn Peak
cauldron complex, Thunder Mountain cauldron complex, Casto pluton, and the
southern portion of PCHG now occupy this area (Ekren, 1985). Cauldron
formation ended at approximately 46 Ma with the eruption of large-volume
rhyolite tufts (Foster, 1981; Ekren, 1985; Fisher, 1985; Hardyman, 1985; Fisher
and others, 1992; Janecke, 1992; and Janecke and Snee, 1993). During the
Challis volcanic episode numerous NW-trending faults, eruptive centers,
plutons, dikes, and graben of the TCFS formed (Fisher and others 1992) (Fig
2). The TCFS is at least 270 km long and 24 km wide (Bennett, 1986), and
may be an extension of the Great Falls lineament described by O'Neill and
Lopez (1985), which is presumed to have a Precambrian ancestry. The TCFS
may have formed in an intra-arc setting during rapid NE subduction of oceanic
plates under the Pacific Northwest (Janecke, 1992).
The first of two episodes of extension associated with N- to NNW-striking,
west-dipping normal faults began at the end of Challis magmatism (Janecka,
1991). This 90° switch in extension direction, from NW-WNW-directed
extension (synvolcanic) to WSW-SW-directed extension (late volcanic to
postvolcanic), can be attributed to a change in direction and a decrease in rates
of convergence between the Farallon and North American plates between 50
and 42 Ma (Janecke, 1992). Middle Eocene to Oligocene and Late Miocene to
present (Basin-and-Range) normal faults formed parallel to an overthickened
crustal ·welt" that resulted from Mesozoic Era shortening (Janecka, 1991). This
gravitationally unstable mass, aided by the thermal weakening due to
magmatism, may have provided the initial mechanism for crustal extension
(Coney and Harms, 1984). It seems unlikely that the 7 Ma and younger Basinand-Range extension was still driven by gravitational collapse because the
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crust in the Basin-and-Range province after this time was not anomalously thick
(Christiansen and Yeates, 1992). Basin-and-Range faulting did not affect the
PCHG and major NW-trending structures associated with Basin-and-Range
extension terminate against the TCFS (Fig. 2) (Bennett, 1986).
Pleistocene glacial deposits are present in most major stream valleys
draining the Salmon River Mountains. These include two levels of coarse
terrace gravel mapped in Leesberg basin (Shockey, 1957), and extensive till in
PCHG (Umpleby, 1913; Ekren, 1988). Volcanic rock had largely been eroded
from uplands ·before glaciation, and is seldom present in the glacial-fluvial
debris (Shockey , 1957).
Previous Investigations In the Area
of the Panther Creek Half-Graben

Prior to any published geologic investigations, the boundaries of the PCHG
were the focus of mineral exploration. In 1866 placer gold was discovered near
Leesberg (Fig. 1) (O'Connor, 1992). By 1867, over 7,000 people had moved
into the Salmon River country. Many of these new arrivals scoured the area for
more prospects . By 1900, several mines were operating along the margins of
the PCHG (O'Connor, 1992).
The first survey of these mines was conducted by J.B. Umpleby (1913). Of
particular interest were his observations made within the Rabbit Foot and
Singheiser mines. These mines have since collapsed or have been filled in.
He recorded the only known strikes and dips from the main northeast-striking,
basin-bounding, Rabbit Foot fault that was exposed in the mines.
The first geologic investigation of the area was conducted by C. P. Ross
{1934). He subdivided the Precambrian rocks in the northeastern corner of the
Casto 30-minute quadrangle (5 miles west of the northwest portion of the

I0
PCHG) into two units: the Yellowjacket Formation and the Hoodoo Quartzite.
He also concluded that the •pink granite• of the Tertiary Casto pluton and the
Challis volcanic rocks may be genetically related.
After W.W. 11,the U.S. Government was interested in expanding its
reserves of cobalt (a strategic mineral). Development of the Blackbird mine (16
km north of PCHG) was given high priority (Bennett, 1977). This prompted
studies on the mineralization and stratigraphy of the Precambrian rocks in the
area. Bennett (1977) compiled the results of these studies and produced a
reconnaissance map of the area north of the 45th parallel.
Because of the low mineral potential of the rocks within the PCHG, little
work was done in this area until the Challis CUSMAP (conterminous United
States mineral assessment program) project was initiated (McIntyre and others,
1982; Fisher and others 1992,). Perhaps the most significant discovery of this
project was the recognition of the NE-trending TCFS (Fig. 2). The TCFS is
significant because:
(1) volcanism and plutonism were localized along this trend;
(2) mineralization was concentrated along the TCFS;
(3) NE-striking normal and normal oblique faults, active during Challis
magmatism, influenced graben development and depositional and intrusive
patterns; and
(4) O'Neill and Lopez (1985) noted that NE-striking faults possibly related to
the TCFS continue into Montana and may extend to the Canadian border.
No other work in the area of the PCHG has been done since the CUSMAP
project. However, in the region, studies of Tertiary basins by Harrison (1985)
(Salmon basin), by Janecke (1991 ), and by Janecka and Snee (1993) (basins
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SE of the PCHG) indicate significant postvolcanic basin development east of
the PCHG.

12
GEOLOGIC MAP

Plate 1 is a geologic map of the PCHG at a scale of 1:24,000 with the
topographic base from U. S. Geological Survey topographic maps of Opal Lake,
and Duck Creek Point quadrangles, and portions of Blackbird Mountain,
Blackbird Creek, Meyers Cove Point, and Black Mountain quadrangles (Fig. 4).
Topography is represented by a contour interval of 40 feet.
The PCHG was mapped on aerial photographs (scale 1: 100,000 and
1:24,000) and on U. S. Geological Survey orthophotoquadrangles (scale
1:24,000) . The field mapping took approximately seven weeks during the
period from June of 1992 to August of 1993. Traverses of the basin were made
in the area south of the 45th parallel and west of Panther Creek (area 4, Fig. 4)
to confirm contacts, rock types, and faults mapped by Ekren (1988) at a scale
of 1: 125,000. In this area his work proved to be accurate, so that only minor
modifications were made. However, a significant amount of new structural data
(such as strikes and dips) and small faults along the west edge of the area were
added.
In the area that is generally east of Panther Creek (area 5, Fig. 4),
significant modifications were made to the map of Ekren (1988). Mapping in
this area was based on numerous traverses, on visits to every outcrop visible
on aerial photographs, and on careful analysis of the provenance of
conglomerate clasts (Plate 2).
North of the 45th parallel a reconnaissance map of Bennett (1977) and a
map of the Yellowjacket Formation and Hoodoo Quartzite by Ekren (1988)
outline areas of Tertiary volcanic rocks but make no subdivisions and give no
descriptions. Mapping of the geology in this area (area 3, Fig. 4) is based on
my field observations and petrographic analysis of samples. Contacts were
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walked out as much as possible, but in places the obscurity of exposures,
complexity of structure, and the limitations of time and resources necessitated
some generalization.

15
TERTIARY STRATIGRAPHY

The PCHG preserves a thick sequence of Tertiary volcanic and sedimentary
rocks. A generalized stratigraphy from base to top is: intermediate- and maficcomposition lava flows, intermediate-composition ash-flow tufts, rhyolite ashflow tufts and lava flows, and conglomerates composed primarily of Proterozoic
metasedimentary clasts interbedded with tuftaceous sediments. These rocks
record tectonic activity prior to, and during basin development. This
stratigraphy is consistent with volcanic stratigraphy in other areas (McIntyre and
others, 1982; Ekren, 1988; Fisher and others, 1992; Janecka and Snee,
1993).
Descriptions of individual rock units are similar in style and format to Ekren
(1988) and Fisher and others (1992) . Their maps were an important resource
for this work. However, unless these authors are specifically cited, the
descriptions are based on my observations.
To aid in the correlation of tufts in different portions of the basin,
petrographic analyses were performed on selected samples. The results are
presented graphically in discussion of selected tufts. ·Modal-percent
phenocryst fragments• is phenocryst-fragment abundance expressed as a
volume percentage of rock sample (phenocryst fragment 20 means that 20
percent of t_he rock consists of phenocryst fragments). Each mineral is reported
as a volume percentage of the total phenocryst fragments (quartz 50 means
that 50 percent of the phenocryst fragments are quartz). For comparative
purposes, the volume percentages of Ekren (1988) and Fisher and others
(1992) are included where available. Analyses are visual estimations because
the precision of •point counting• was not considered to be necessary for
stratigraphic correlation. The percent diagrams for estimating composition by
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volume in Compton (1985) greatly helped this procedure. Photomicrographs of
selected tufts are included in the appendices.
The Geological Society of America rock-color chart was used to determine
the •color• of fresh samples from selected units. Both the color name and the
numerical designation representing hue, value, and chroma are reported.

ExtrusiveIgneous Rocks and Lahars
Intermediate-andmafic-compositionlava flows (Td and Tb,
respectively). Lava flows in the PCHG can be divided into two types based on
the appearence of •fresh samples• from each flow:
(1) brownish -black (5YR 2/1) to dusky-green (5G 3/2) rocks with prominent
phenocrysts of plagioclase and hornblende, generally cliff-forming; and
(2) black to greenish black (5G 2/1 ), crystal-poor, •basalt-like• rocks with
small phenocrysts of plagioclase and pyroxene or olivine.
Average chemical analyses (weight percent) and CIPW norms in McIntyre
and others (1982) show that the phenocryst-rich lava flows are best called
dacite . The crystal-poor, basalt-like lava flows described by McIntyre and
others (1982) include potassium-rich andesite, andesite, latite, magnesium-rich
basalt, and potassium-rich basalt. McIntyre and others (1982) state that
comparisons of phenocryst contents (in the basalt-like rocks) with whole-rock
chemical analyses show that rock classifications based solely on mineralogy
are misleading and may generate confusion. For the purpose of this study all
•basalt-like• rocks are mapped as basalt. Both types of lava flows are present
in the PCHG.
Dacite lava flows deposited on Proterozoic rocks are exposed in
discontinuous outcrops in the headwaters of Porphyry Creek, Fourth of July
Creek, and Birdseye Creek (Plate 1). The flows may total 900-meters-thick in
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Figure 5. Densely welded ash-flow tutf intercalated within dacite lava flows.
The tuff is two meters thick and includes a forty centimeter thick vitrophyre on
top and bottom. Compaction foliations (arrows) and the overall tutf, dip
approximately 50° west (right) as a result of faulting along a NE-striking, SEdipping normal fault. Location of photo shown in Figure 33.
Porphyry Creek drainage, but, due to extensive faulting and poor exposures,
the actual thickness is difficult to determine. A densely welded dacite (?) tuff
two meters thick is intercalated with the lava flows (Fig. 5) . This tuff is definitive
evidence that a significant portion of the sequence of dacite lava flows dip to
the west, away from the main faults that bound the PCHG on its east side.
Biotite from a sample of dacite lava, collected approximately 2 km SE of Red
Rock Peak (Fig. 6), gave a K-Ar age of 48.6 +/- 1.7 Ma (Marvin and Dobson,
oral communication, as cited in McIntyre and others, 1982), later recalculated to
an age of 51.1 +/- 1.7 Ma (McIntyre and others, 1982}.
A continuous mass of basalt overlies the dacite lava flows and extends from
the headwaters of Fourth of July Creek to the South Fork of Cabin Creek. This
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is the stratigraphically lowest unit of several black, crystal-poor, basalt flows
that crop out from Silver Creek north to the headwaters of Fourth of July Creek.
All the basalt flows strike N-to-NNW and dip to the east. All of the flows not cut
by faults •pinch out· at their northern and southern ends and attain their
maximum thickness (up to 250 meters} near the geographical center of each
flow. This overall •Ienticular- morphology is most likely a result of deposition in
east-west-trending paleovalleys. These flows were less viscous than the
dacite, and appear to have been fed from more distant eruptive centers (Ekren,
1985}.
Tuff of Ellis Creek (Te). The tuff of Ellis Creek (Ekren, 1988) can be
identified in the PCHG on the basis of its color, weathering characteristics, and
phenocryst mineralogy. The fresh surface is white to grayish green {5G 5/2),
and overall it is a densely welded, largely structureless internally, ash-flow tuff.
It is a multiple-flow, compound-cooling unit (Ekren, 1988), containing at least
one significant vitrophyre (Fig. 7). The tuff of Ellis Creek is exposed in a
continuous outcrop from the headwaters of Birdseye Creek north to Porphyry
Ridge, and as discontinuous outcrops south and west of the main trend. The
discontinuous outcrops are preserved in fault bounded blocks. This tuff may be
up to 700 meters thick in the headwaters of Cabin Creek, but determining the
actual thickness is difficult because of the influence of intrusions. The tuft was
deposited on Proterozoic rocks, dacite, and basalt lava flows, which suggest
paleotopographic relief of at least 200 meters in the area of the PCHG.
Three samples of the tuff of Ellis Creek were analyzed. Each thin section
contains phenocryst fragments of quartz (commonly partially resorbed},
plagioclase, and biotite (Fig. 8; photomicrographs in Appendix, Figs. 35-36}.
All thin sections are void of or have less than 1 percent, alkali feldspar
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Figure 7. Vitrophyre within the tuff of Ellis Creek. The tuff is dipping
approximately 60° west (right) as a result of faulting along a NE-striking, SEdipping normal fault. Location of photo shown in Figure 33.
(sanidine). McIntyre and others (1982), Ekren (1988), and Fisher and
others(1992) concluded that the near absence of alkali feldspar was the most
definitive characteristic of the tuff and allowed them to distinguish it from
overlying, younger ash-flow tufts. Ekren (1988) noted that the tuff of Ellis Creek
may contain up to 16 percent hornblende (Fig. 8). However, no hornblende
was observed in the three samples analyzed .
Figure 8 shows that the modal percent phenocryst fragments are consistent
with that described by Ekren (1988). The amount of biotite observed may
include some altered hornblende, which would explain the deviation from Ekren
(1988). The amount of quartz fragments is considerably higher in samples 7-
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28-6 and 7-28-7 and the amount of plagioclase is lower. These samples were
collected from the thickest portion of the tuft of Ellis Creek in the PCHG and the
variability of their phenocrysts may reflect the multiple-flow, compound-coolingunit, origin of the tuft, suggested by Ekren (1988).
Biotite from a sample of the tuft of Ellis Creek collected approximately 5
miles south of Red Rock Peak (Fig. 6) gave a K-Ar age of 48.4 +/- 1.6 Ma
(Ekren, 1985; Fisher and others, 1992).

Tufts of Camas Creek-BlackMountain (Tc). The tufts of Camas CreekBlack Mountain (Ekren, 1988) can be identified based on the appearance of a
fresh sample: the fresh tuff is dark reddish-brown (10R 3/4), typically with small
phenocrysts dominated by plagioclase up to 2 mm in length and lesser
quantities of biotite . It is a densely welded, multiple-flow unit that may contain
ten individual cooling units, with individual cooling units only a few tens of
meters thick (Ekren, 1988). The tufts of Camas Creek-Black Mountain are
interpreted by McIntyre and others (1982) to be a cauldron-filling sequence that
is at least 3,000 meters thick and almost entirely confined to the cauldron
complex that formed due to the eruption of the tuft of Ellis Creek. It is exposed
in the headwaters of Birdseye Creek and areas south and westof the PCHG.
The outflow units (tufts of Nine Mile Creek and Pennal Gulch) are preserved up
to 40 km south and southeast of the cauldron-filling sequence (McIntyre and
others, 1982), but this tuft is missing from the northern half of the PCHG. If this
tuft had been originally deposited on the (presumably) flat-lying tuft of Ellis
Creek, in what is now the PCHG, it has been entirely stripped there by erosion
before basin development began. If the PCHG had begun to form at the time
the tuffs of Camas Creek-Black Mountain were deposited, presumably some

23
tuft would have been trapped in the half-graben, as in the Custer Graben {Fig.
2) where the tuft of Ninemile Creek is preserved {McIntyre and others, 1982).
The dirty tuffs {Tdt) and alkali feldspar tuffs {Tap). Two tufts, the dirty

tufts or lithic-rich tufts and the alkali-feldspar-plagioclase tuft of Ekren { 1988)
form the stratigraphically lowest unbroken units across the PCHG {Plate 1 and
Fig. 6). The dirty tufts can be recognized in the field by the following
characteristics:
(1) abundant lithic fragments;
(2) many vitrophyric cooling units;
(3) crystal poor {generally< 10% phenocrysts); and
(4) observable small (<2 mm) phenocryst fragments which are dominated
by plagioclase.
The dirty tufts form a poorly exposed, continuous belt from the eastern
headwaters of Ram's Horn Creek to Porphyry Ridge. They reach a maximum
thickness of 350 meters in the drainage of the South Fork of Cabin Creek.
They are presumably the distal ends of tuff sheets erupted from sources west of
the basin {McIntyre and others, 1982).
The alkali-feldspar-plagioclase tuft can be recognized in the field based on
the following characteristics:
(1) well developed flow fabric presumably formed when the hot ash-flow tuft
coalesced in large part to liquid before final emplacement and cooling {McIntyre
and others, 1982; Ekren, 1985);
(2) distinct pink {fresh sample: SR 7/6) basal vitrophyre {McIntyre and
others, 1982);
{3) internally very spherulitic;
(4) generally hydrothermally altered to shades of red, yellow, and pink; and
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(5) readily visible alkali-feldspar phenocrysts up to 6 mm in length.
The alkali-feldspar-plagioclase tuff crops out in a continuous belt from the
headwaters of Lost Spring Creek (tributary of Silver Creek) north to Birdseye
Creek, where it pinches out. It also crops out west of Rabbit Foot mine (Fig. 6)
in the footwall of a north-striking normal fault and near Singheiser mine (Fig. 6)
in the hanging walls of two northeast-striking normal faults. It reaches a
maximum thickness of 500 meters in the headwaters of Lost Spring Creek. The
source of the tuff was probably the central Van Horn Peak cauldron complex
(McIntyre and others, 1982).
These two units overlap from Ram's Horn Creek north to Birdseye Creek.
McIntyre and others {1982) concluded that the PCHG was not a well developed
topographic feature at the time the alkali-feldspar-plagioclase tuff was
deposited, possibily because of basin filling by the dirty tuffs.
Quartz-blotite tuff (Tqb). The quartz-biotite tuff of Ekren (1988) is a very
thick, cliff-forming, densely welded, pale reddish-brown (fresh sample: 10 R
3/4), ash-flow tuff. This tuff is dominated by phenocryst fragments of quartz
and plagioclase (Fig. 9), but conspicuous phenocrysts of biotite and lesser
quantities of alkali feldspar (photomicrographs in Appendix, Figs. 37-38) clearly
distinguish this tuff from the younger tuft of Castle Rock and the older tuff of
Ellis Creek. The anomalously high quartz and low plagioclase content of
sample 8-4-6A-92, and the significant range in phenocryst composition, may be
due to multiple cooling units that McIntyre and others (1982) and Ekren {1988)
described in this unit.
The quartz-biotite tuff extends continuously across the PCHG from the
headwaters of Lost Spring Creek north to Porphyry Ridge. It also crops out
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east of Singheiser mine in the hanging walls of NE-striking normal faults. It
reaches a maximum thickness of 700 meters along the north side of Silver
Creek drainage and a minimum thickness in the PCHG of 100 meters in the
headwaters of Corral Creek.
The characteristics of this tuff are similar to the tuff of Ellis Creek and the
tuffs of Camas Creek-Black Mountain, thereby suggesting a common magmatic
source for all these rocks (McIntyre and others, 1982). It is likely that this tuft
had its source in the Van Horn Peak Cauldron Complex . Its extrusion probably
caused the initial collapse of the Castle Rock •trapdoor" cauldron segment (Fig.
2; Ekren, 1988).
The lahar of Birdseye Creek (Tlh) . In the drainage of Birdseye Creek 1.5
miles west of its junction with Silver Creek, above the quartz-biotite tuff and
below the thickest portion of a basalt flow, are outcrops of a matrix-supported
boulder and cobble conglomerate (Fig. 10). This previously undescribed unit is
named "the lahar of Birdseye Creek.• The rounded to subrounded bouldersized clasts are dacitic in composition, whereas the rounded cobble-sized
clasts are basaltic in composition (Fig. 10). This unit is approximately 10
meters thick, poorly sorted, and unstratified. All observations are consistent
with the interpretation that this is a lahar deposit (Smith and Lowe, 1991).
The lahar was possibly deposited in a paleovalley that had a WNW-ENE
orientation. This interpretation is consistent with the geometry of the overlying
basalt flow, which pinches out to the north and south and is thickest in the
center. The work of Howell and Link (1979), Nemec and others (1984), and
Smith and Lowe (1991) documents that lahars tend to be confined to valleys.
Tuff of Castle Rock (Tck). The tuff of Castle Rock (Ekren, 1988) in the
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Figure 10. Matrix-supported conglomerate (lahar). Beneath pen in center of
photograph is a boulder of dacite lava. Smaller, black clasts are basalt.
Location of photo shown in Figure 33.
PCHG consists of nonwelded to partially welded layers that commonly weather
to teepee-shaped hoodoos (Fig. 11), and densely welded layers that are
prominent cliff-formers. Generally the nonwelded layers consist of air-fall tuft,
whereas the partially welded and densely welded layers consist of ash-flow tuft.
Near the base of the unit, the monolith-forming partially welded layers are
white, light gray, and moderate pink (fresh sample: 5R 7/4) typically with vitric,
silky pumice lapilli and black glass shards. These hoodoos are most
prominently exposed in the drainages of Silver Creek, Cabin Creek, and
Porphyry Creek. lnterbedded with the partially welded layers and at the top of
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Figure 11. Teepee-shaped hoodoos in monolith-forming, partially welded
lower portion of the tuft of Castle Rock. Tuff dips approximately 30° to the SE
(right). Location of photo shown in Figure 33. Note clipboard in lower left for
scale.
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the unit is nonwelded air-fall tuff that is white, contains few pumice lapilli or
glass shards, and weathers into •blocks.•
At least two densely welded layers are included in the tuff of Castle Rock.
The most prominent is a grayish-red (fresh sample: 1OR 4/2), thick, cliffforming, phenocryst-rich layer. Petrographic analysis and observations of hand
samples of this unit show that the phenocryst fragments consist almost entirely
of alkali feldspar (sanidine) and quartz (Fig. 12). The alkali feldspar is almost
always chatoyant, so that in hand samples it can be distinguished from quartz.
Mafic phenocryst fragments are sparse (less than one percent) throughout the
unit, and consist of biotite and pyroxenes in approximately equal amounts .
The tuff of Castle Rock is the largest in volume and least altered of the
volcanic units within the PCHG. It extends from Silver Creek to Porphyry
Ridge, and crops out west of Rabbit Foot mine in the hanging wall of a NEstriking normal fault. The sequence is up to 1700 meters thick where it is
exposed in Silver Creek drainage and as little as 300 meters thick in the
drainage of Fourth of July Creek. The fact that so much of the unwelded and
partially welded tuff was preserved suggests that basin subsidence and burial
were rapid (Ekren, 1988).
The tuff of Castle Rock was originally considered to be an outflow sheet of
the tuff of Challis Creek (McIntyre and others, 1982), but it later was
distinguished from the tuff of Challis Creek based on two criteria (Ekren, 1985;
Hardyman, 1985):
(1) all the cooling units of the ·tuff of Castle Rock are rich in lithic fragments
from the base to the top, whereas the tuff of Challis Creek is lithic poor; and
(2) cooling units of the tuff of Castle Rock contain sparse but ubiquitous
flakes of biotite, whereas cooling units of the tuff of Challis Creek do not.
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In contrast, my field observations, and those of other workers in the area
(Jellinek and Geist, 1993), show that the densely welded portions of the tuff of
Challis Creek contain lithic fragments. Biotite is not readily observable in hand
samples of either unit. In thin sections biotite was observed only in the tuft of
Challis Creek (photomicrographs in Appendix, Figs. 39, 40, 41) and in the
fractured rhyolite ash-flow tuff (Plate 1, Fig. 6, unit Tvl1 ).
Map patterns on the Challis 1° X 2° geologic map (Fisher and others, 1992)
also suggest that these may be the same unit. On the north side of the South
Fork of Camas Creek, approximately 8 miles SW of PCHG, the essentially flatlying tuft of Castle Rock caps a mountain, and extends down to 8000 feet.
Across the canyon of the South Fork, approximately 2 miles to the south, the
flat-lying tuft of Challis Creek also caps a mountain down to 8000 feet. Both
units were deposited on the quartz-biotite tuft, and no mapped faults separate
these exposures. It is likely that these exposures are part of the regionally
extensive tuft of Challis Creek, which is preserved as much as 80 km SE of its
source in the Twin Peaks Caldera (Fig. 2; Janecka and Snee, 1993}. Also,
nowhere on the Challis 1° x 2° quadrangle do the tuft of Castle Rock and the
tuff of Challis Creek overlap.
All of these observations suggest that the tuft of Castle Rock and the tuft of
Challis Creek are the same tuft, as first suggested by McIntyre and others
{1982). Samples were collected to determine the magnetic polarity and the
40 Ar/39Ar incremental-release mineral ages of the tuff of Castle Rock, fractured

rhyolite tuff, and the tuft of Challis Creek. The objective of these analytical
procedures is to determine the time of emplacement of each unit and if the
flows are correlative.
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The source of the multiple-flow, multiple-cooling units of the tuff of Castle
Rock in the PCHG was within the Van Horn Peak Cauldron Complex {Ekren,
1985; Hardyman, 1985). However, if the tuff correlates with the tuff of Challis
Creek, a source in the Twin Peaks Caldera is likely.
Tuff of Porphyry Ridge (Tpr). The tuff of Porphyry Ridge is identified on
the basis of its color, degree of welding, and phenocryst minerals. It grades
from gray (fresh sample), poorly welded to densely welded, thin(< 1 m) ashflow and air-fall tuff layers at the base of the unit, to a white to light-gray (fresh
sample) , thick, densely welded tuff higher in the unit. It is a multiple-flow,
compound -cooling unit, with several layers of intercalated air-fall tuff.
The samples of this tuff contain 20 to 40 modal percent phenocryst
fragments (Figs. 13, 42, 43). Five to 15 percent of the fragments are biotite, 15
to 30 percent are sanidine, less than 5 to 15 percent are plagioclase, and 55 to
65 percent are quartz. Because quartz is the dominant phenocryst fragment
and sanidine is more abundant than plagioclase, this is a rhyolite ash-flow tuff.
Glass shards are conspicuous in the thin section made from a sample collected
near the base of the unit {6-12-2), but any evidence of glass shards in samples
collected near the top of the unit {8-8-2 and 3) has been destroyed by
devitrification and formation of spherulites.
The tuff of Porphyry Ridge is exposed only north of the 45th parallel within
the confines of the PCHG (plate 1). It is exposed along the top of Porphyry
Ridge from Panther Creek west for 2 miles (Fig. 14), and is up to 200 meters
thick. A small exposure is also present on the south side of Porphyry Creek
near its junction with Panther Creek. This unit is stratigraphically higher that the
tuff of Castle Rock. It has not been described in previous mapping south of the
45th parallel.
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Porphyry Ridge and the fractured rhyodacite tuft (discussed later). Sample
locations are shown on Figure 6.
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Figure 14. View of the volcanic strata exposed on Porphyry Ridge. White
dashed line indicates the contact between the quartz-biotite tuff and the tuff of
Castle Rock . View NE. Note the easterly dip of units and prominent erosion
surface to the north. Location of photo shown in Figure 33.
Intrusive Igneous Rocks
Quartz-porphyry granite intrusions (Tqp). Quartz-porphyry granite

intrusions within the PCHG vary greatly in the size of their phenocrysts and the
texture of their groundmasses . Typically they contain smoky quartz
phenocrysts as much as 4 mm long, tabular alkali-feldspar phenocrysts as
much as 1 cm long, and "books" of biotite as much as 3 mm in the broadest
dimension . Locally they contain quartz phenocrysts up to 1 cm long and alkalifeldspar phenocrysts as much as 3 cm long. Plagioclase phenocrysts are
sparse throughout the unit. The groundmass ranges from micrographic
(intergrowth of quartz and feldspar crystals) to more commonly observed
microgranular or cryptocrystalline texture .
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The quartz-porphyry granite intrusions cut units as old as the Yellowjacket
Formation and as young as the tuft of Castle Rock. Most of the intrusions trend
N-NE and are dikes (Fig. 6). A single large sanidine crystal 3 cm long from a
dike approximately 1.5 km SE of Red Rock Peak (Fig. 6) yielded a potassiumargon age of 44.4 +/- 1.0 Ma (R.F. Marvin, written communication, 1980, as
cited in McIntyre and others, 1982; Ekren, 1988; Fisher and others, 1992}
Hardyman (1985) noted that many of the NE-trending dikes along the TCFS
were emplaced along pre-existing faults . Similar NE trends and the discordant
nature of the quartz-porphyry granite intrusions in PCHG suggest that they too
may have been emplaced along preexisting faults.
Rhyolite intrusions (Tir). Rhyolite intrusions along the margins of the

PCHG typically consist of black to very dark red (fresh sample: SR 2/6), dense,
columnar-jointed, phenocryst-poor rhyolite. Locally this unit contains sanidine
phenocrysts up to 7 mm long and sparse phenocrysts of quartz. Ekren (1988)
observed that at Red Rock Peak the rhyolite intrusions grade into and form
composite bodies with quartz-porphyry intrusions.
Along the southern margin of the PCHG, rhyolite intrusions were emplaced
along the basin-margin fault, crystallized, and subsequently fractured by later
fault movements (Hardyman, 1985). These fracture zones were favorable
locations for epithermal silver-gold mineralization at Rabbit Foot and Singheiser
mines (Umpleby, 1913; McIntyre and others, 1982; Hardyman and Fisher,
1985; Fisher and others, 1992; O'Connor , 1992). Sanidine from a rhyolite
plug at Red Rock Peak (Fig. 6) yielded a potassium-argon age of 44.6 +/- 1.5
Ma (Fisher and others, 1992).
In contrast to the largely discordant quartz-porphyry intrusions, the rhyolite
intrusions are commonly concordant, and, in the central part of the Van Horn
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Peak cauldron complex north of the Twin Peaks caldera (Fig. 2), they are
clearly •sill-like• (McIntyre and others, 1982).
Flow-layered rhyollte (Tfl). The flow-layered rhyolite in the PCHG can be
readily identified on the basis of its color, and weathering characteristics: black
to very dark red (fresh sample: SR 2/6), columnar jointed, cliff-forming outcrops
(Fig. 15) with prominent tabular phenocrysts of alkali feldspar (sanidine) up to 7
mm long. This unit forms a continuous outcrop from Silver Creek north to
Fourth of July Creek and is within the tuff of Castle Rock in the drainage of
Cabin Creek. The flow-layered rhyolite pinches out to both the north and south,
and does not extend beyond the PCHG. It has a thickness of approximately
500 meters in the drainage of Corral Creek, thins to <100 meters in Cabin
Creek drainage (within the tuff of Castle Rock), and thickens again to
approximately 400 meters in the drainage of Birdseye Creek.
McIntyre and others (1982), Ekren (1988), and Fisher and others (1992),
suggested that the flow-layered rhyolite is a possible rhyolite lava flow that had
its source from vents within the PCHG. They also suggested that it might be a
remobilized tuff that had its source outside the basin. If this unit consists of lava
flows or remobilized tuff then as shown on Plate 3, cross section G-G', the flowlayered rhyolite buried a paleo-hill with over 100 meters of relief that consists
ofpoorly welded tuff of Castle Rock exposed in the drainage of Cabin Creek.
The cross section also shows the flow-layered rhyolite cutting across foliations
in the tuff of Castle Rock.
Close examination in the field and the descriptions of Ekren (1988) and
Fisher and others (1992) show a striking lithologic similarity between the flowlayered rhyolite and the rhyolite intrusion exposed at Red Rock Peak. Both are
columnar jointed, black to dark red (fresh samples), and contain conspicuous
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Figure 15. Conspicuous coiumnar jointing in the flow-layered rhyolite.
Location of photo shown in Figure 33.
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phenocrysts of sanidine up to 7-8 mm long. The similar lithology and the
unlikely existence of an erosional relic of the poorly welded portion of the tuft of
Castle Rock suggest that the flow-layered rhyolite is an intrusion and not a lava
flow or remobilized tuft as hypothesized by McIntyre and others (1982), Ekren
(1988), and Fisher and others (1992). The flow-layered rhyolite is largely
concordant, intruded along the contact between the quartz-biotite tuft and the
tuft of Castle Rock, except in the drainage of Cabin Creek.

Sedimentary Rocks and Fractured
Ash-Flow Tuffs
Conglomerate and tuffaceous unit of the Panther Creek half-graben
(Toe). Volcanic units of the PCHG are overlain by a poorly exposed sequence
of boulder conglomerates and associated tuffaceous sandstones and siltstones.
The first published geologic work about the PCHG interpreted this unit as
ground moraine (Umpleby, 1913). McIntyre and others (1982) interpreted this
unit to be made up of material that mostly slid into place. Later Ekren (1988)
and Fisher and others (1992) concluded that the unit consists of poorly
consolidated sandstone, mudstone, boulder conglomerate, tephra, locally
carbonaceous layers, and large landslide masses of volcanic rocks. They
named the unit "older colluvium of Panther Creek." Mapping done for the
present study shows that this unit is dominated by boulder and cobble
conglomerates interlayered with tuffaceous sandstones and siltstones.
Previously unrecognized fractured ash-flow tufts were mapped as individual
units. Because "colluvium" is not an appropriate term to describe this unit, it is
renamed "conglomerate and tuffaceous unit of the Panther Creek half-graben."
The conglomerate and tuffaceous unit is generally slope-forming, expressed
by rolling hills and few outcrops. Landslides and earthflows are common (Fig.
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16), and forest cover is patchy or nonexistent (Fig. 17). On aerial photographs
(scale 1:24,000) and on hillslopes, distinct boulder beds can be recognized
(Fig.17). Field mapping confirmed that these beds range from 3 to 15 meters
thick, are composed of clasts primarily derived from the Proterozoic rocks in the
footwall of the basin-bounding faults (Plate 2), and dip gently (less than 15°) to
the SE. The layers of tuffaceous sandstones and siltstones intercalated in the
conglomerates have been altered to clay, and are up to 1O meters thick. Most
of the landslides are rooted in the clay layers. The entire unit is at least 800
meters thick along the SE margin of the basin.

Figure 16. Earthflows (background in distance) composed primarily of
altered tuffaceous material and headscarp of a landslide (center-right) in the
conglomerate and tuffaceous unit in the PCHG. Exposed in the headscarp are
beds of boulders dominated by clasts of the Yellowjacket Formation, and a thick
(>30 feet) layer of green, tuffaceous sandstone. View to S-SE in Sawmill
Gulch. Location photograph shown in Figure 33.
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Figure 17. Boulder beds in the conglomerate and tuffaceous unit in the
PCHG (hill in center) dipping from left foreground (NW) to right background
(SE). Landslide shown in Figure 16 is in left-center. Note the distinct lack of
forest cover on this unit. View to the east. Location of photograph shown on
Figure 33.
Exposures of conglomerate beds located east of Cabin Creek provide the
only outcrops of the unit. These beds are typically 7 to 1O meters thick and
consist of moderately to poorly sorted boulders and cobbles of Hoodoo
Quartzite with less than 10 percent volcanic clasts (Plate 2). Clasts are mostly
rounded to sub-rounded, and typically display a polymodal grain-size
distribution that ranges from coarse sand and granules to boulders. Beds are
moderately well sorted and have a clast-supported texture (Figs. 18 and 19).
The exposures have poorly developed bedding with some imbrication of
cobbles and pebbles. Pockets of sand are present locally, and display plane-
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Figure 18. Boulder bed exposed east of Cabin Creek. Cobbles and
boulders are mostly Hoodoo Quartzite with some volcanic clasts (Plate 2).
View looking SE. Location of photographs shown on Figure 33 in Appendix .
parallel bedding . The exposed beds contain prone specimens of white silicified
(petrified) wood up to two meters in length and greater than fifty cm in diameter.
In 1930, J . Kinney, then the Salmon National Forest supervisor, concluded that
these were remnants of sequoia trees (O'Connor, 1992).
Cobble-imbrication and clast-composition data were collected to assess the
relative importance of the footwall and/or hanging wall as a sediment source
and to delineate sediment-dispersal patterns . Clast-composition data
(provenance) were collected from all areas of the unit where beds of boulders
were evident on the aerial photographs. Cobble-imbrication data (Table 1)
were collected from exposed beds located approximately one kilometer east of
the Paniher Creek -Cabin Creek intersection (location shown in Figure 33).
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Figure 19. Close-up of boulder bed in Figure 18. lmbricate fabric is
moderately well developed. Location of photographs shown in Figure 33.
Imbrication orientations were found by measuring the azimuth of the pole to
the plane containing the long and intermediate axes (Fig. 20) of approximately
25 clasts total at each of 4 sites in the exposed conglomerate beds. Because
these sites are separated by less than 25 meters vertically and 75 meters
horizontally, the imbrication data are considered to be from the same
stratigraphic level within the unit. Generally, elongate clasts plunge upstream
independent of the orientation of the intermediate axis (Fig. 20) (Brayshaw,
1984; Hein, 1984; Compton, 1985; DiGuiseppi and Bartley, 1991).
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Table 1. Strike and dip of cobbles for determinationof paleoflowdirection.
Cobble orientations are reported using •right-handrule•: 80, 50 represents a
plane with a strike of north 80° east and dips 50° to the south.

Site1

80, 14
100,20
85,28
280,27
75,3
245, 17
100, 14
105,25
260,30
0, 10
24,33
53,31
12,27
356,21
310, 13
334,25
66,21
5, 7
76,30
33,54
115, 16
75, 10
69,23
58,56
99,21

Site2

330, 11
10, 10
280, 15
130,25
135,49
100,45
75, 15
85,53
110, 30
255,35
155, 15
90,33
210,40
70,35
50, 10
6,27
324,22
351,45
61,38
45, 14
340,26
50,26
352,40
335,29
39,30
254,20
15,27
87,21

Site3

44, 70
208, 75
61,59
65,58
230,51
235,66
36, 73
6,34
12,25
41,56
30,44
310,30
46, 74
50,66
295, 15
85,45
96,68
78,48
75,55
73,25
68,44
80,56
98,36
75,44
70,32
110,24

Site4

55, 18
85,35
68, 15
85,26
77,40
350,25
44,30
0, 18
349, 16
35, 10
5, 16
300,25
20,63
340,31
8,25
20, 19
15,26
10,28
40,22
34,34

345,28
275,30
285,20
45,25
62,35
70,46
13,26
12,30
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Figure 20. lmbricate fabric indicating a current that flowed from left to right.
·A· is the long axis, •s• is the intermediate axis, •c• is the short axis. Adapted
from Brayshaw (1984) and Compton (1985).
Results from each site are plotted on lower-hemisphere, equal-area
stereonets (Fig. 21). The data were not corrected for later tilting because it was
minor (<10°) and has negligible effPct on the results. The mean vectors (mean
flow directions) range from N 28° W to N 65° W. The data from all the sites
were combined, and a mean flow vector of N 43° W was determined (Fig. 22).
Sediment-dispersal patterns were delineated from clast-composition data by
determining the provenance of 50 cobbles and boulders from 52 sites in the
conglomerate unit. Three distinctive lithologies are present:
(1) thinly bedded quartzites and argillites of the Yellowjacket Formation,
Apple Creek Formation or Argillaceous Quartzite unit;
(2) clean, poorly laminated Hoodoo Quartzite; and
(3) undifferentiated volcanic rocks; no coarse-crystalline intrusive igneous
clasts were observed.
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Site 1

Site 2

.... ..
... ... ...
· ·! ••.

'

Trend and plunge of mean
vector: 332°, 57°

Site 3

Trend and plunge of mean
vector: 318°, 76°

Trend and plunge of mean vector:
295°, 70°

Site 4

Trend and plunge of mean
vector: 321 °, 78°

Figure 21. Great circles represent the plane containing the long and
intermediate axes of the cobbles. Small dots represent the poles to these
planes. Squares represent the mean vectors of the poles. Sample sites are
shown in Figure 33.
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All sites (N=4)
North

N=107

South

Circle=11%

Trend & plunge of mean vector: N 39° W, 71 °

Figure 22. Rose diagram of the azimuth direction of the poles from Figure
21. Arrow represents mean azimuth (flow direction) indicated by
conglomerates in the PCHG.
The possible source areas for each rock type were likely from locations near
the basin, as suggested by the large boulders and cobbles contained within the
unit. The thinly bedded quartzites and argillites crop out continuously along the
NW, N, and NE basin margins, and discontinuously along a portion of the SE
basin margin (Fig. 6; Plate 1). The Hoodoo Quartzite crops out along the
western and SE basin margin (Fig. 6; Plate 1). The undifferentiated, extrusive
volcanic rocks are presently confined to the SW basin margin, and within the
hanging wall (Fig. 6; Plate 1). It is likely that the volcanic rocks were more
extensive, but have been removed by erosion.
The percentages of each rock type at each site are presented in Plate 2.
Several observations are evident:
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(1) clasts of volcanic rocks dominate the lower stratigraphic levels in the
NW and SW portions of the unit;
(2) clasts derived from the Hoodoo Quartzite become dominant higher in
the unit; they form a distinct SE-NW trend from the SE footwall to the NW basin
margin; and
(3) clasts of thinly bedded quartzites and argillites are confined to the NE
basin margin in a SSE-NNW trending belt in the upper stratigraphic levels of the
unit.
The base of the conglomerate unit has different sediment-dispersal pattern
than the top (plate 2). Higher in the unit the sediment dispersal pattern follows
a distinct trend toward the NW, but lower in the unit this trend is not as distinct.
Instead, the volcanic clasts are •ponded• in two areas, divided by an area
dominated by clasts of the Hoodoo Quartzite that were deposited directly on the
tuff of Castle Rock (Figs. 18, 19 and Plate 2). This pattern suggests that during
the earliest periods of sedimentary deposition there was a topographic high in
the central basin, possibly related to an east-plunging fold in the tuff of Castle
Rock. This topographic high may not have been buried by conglomerates until
the time when clasts of Proterozoic metasedimentary rocks dominated,
because it is evident that the volcanic clasts grade upward to Proterozoic
metasedimentary clasts within the lowest 200 meters of the unit (Plate 2).
If most of the sedimentary material were derived from the NE and SE
footwalls, as suggested by the SE-NW trend of clasts of Hoodoo Quartzite and
the paleocurrent data (Fig. 20), then the upward decrease in the percentage of
volcanic clasts may be an indication that the footwall was not thickly blanketed
by volcanic material. Any volcanic material that may have been deposited on
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the footwall was apparently eroded, rapidly deposited in the basin, and buried
by conglomerate derived from Proterozoic metasedimentary rocks.
It is unlikely that the SE footwall was the only source of sediments to the SW
portion of the conglomerate unit. If this were the case, then clasts of finegrained quartzite-argillite rocks, derived from the Yellowjacket Formation
exposed in the SE footwall (Plate 1), should be observed in the SW portion of
the conglomerate unit. Instead, this area is dominated by volcanic clasts (Plate
2). These volcanic clasts were probably derived from the footwall of a normal
fault within the PCHG. This fault is older than the conglomerates and younger
than the tuff of Castle Rock . It is located approximately one mile west of Rabbit
Foot mine (Plate 2). No exposures of the conglomerate beds in this area could
be located to determine paleocurrent direction.
It is apparent that Proterozoic metasedimentary quartzite-argillite clasts are
confined to a SE-NW trend that is generally within 2 km of the Moyer Ridge
fault (Plate 2). This •ponding• against one side of the basin is in sharp contrast
to conglomerates dominated by Hoodoo Quartzite clasts that extend many km
to the NW from their source area along the SE basin-margin. This pattern may
suggest that the NE-trending Rabbit Foot fault had more displacement (thereby
generating more relief and more sediments) than the Moyer Ridge fault. It may
also suggest that sediment was ponded against the Moyer Ridge fault because
a deep •hole• formed in the hanging wall due to more rapid movement along
the NNW-striking fault during the last stages of basin formation. This later
interpretation is consistent with the observations of Alexander and Leeder
(1987), Leeder and Gawthorpe (1987), Blair and Bilodeau (1988), Heller and
others (1988), Ingersoll and others (1990), and Mack and Seager (1990), that
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active tectonics will •pin• footwall-derived coarse sediments close to the
footwall.
Fractured rhyollte ash-flow tuff (Tvl1 ). Capping Moyer Ridge, between
Sawmill Gulch and Moyer Creek, is a deposit of moderate reddish-orange
(fresh sample: 10R 7/6), densely welded, ash-flow tuff that is cut by numerous
fractures. Compacted pumice is prevalent throughout the unit, which is up to 40
meters thick. The basal contact is not well exposed, but mapping suggests a
planar, horizontal geometry that laps across the inferred trace of the Moyer
Ridge fault (Plate 1). It is possible that this is a landslide of rhyolite-tuff, that slid
rather than flowed into place (Krieger, 1977).
Petrographic analysis of one sample and observations made from hand
samples show that the phenocryst fragments consist almost entirely of quartz
and alkali feldspar (Fig.13). The alkali feldspar is almost always chatoyant and
in hand samples is readily distinguished from quartz. The unit closely
resembles the tuff of Castle Rock and the tuff of Challis Creek
(photomicrographs in Figures 39, 40, 41 in Appendix). Deposition of this unit
followed deposition of the conglomerate and air-fall-tuff unit of the PCHG and
movement on the Moyer Ridge fault.
If the fractured rhyolite ash-flow tuff is a megabreccia landslide and if it is
coeval with another possible megabreccia landslide mass to the southeast, the
most likely source area would be Porphyry Ridge (Plate 1). Porphyry Ridge is
the only locality where both types of tuff are exposed and where there may
have been sufficient vertical relief to generate a landslide (Fig. 23). It is unlikely
that the source would be the nearby footwall because if volcanic rocks still
capped the footwall at the time of the slide, then their presence should be
reflected in the composition .of clasts in conglomerates beneath the fractured
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Figure 23 . Possible slide paths for megabreccia landslide masses.
Probable source of material is the upthrown side of a normal fault on Porphyry
Ridge (NW side of diagram). Location of cross section shown on Figure 33.
rhyolite ash-flow tuff. In fact, volcanic clasts are notably absent in the
conglomerates beneath the fractured rhyolite ash-flow tuff (Plate 2). If the
source is Porphyry Ridge, the slide traveled 6 to 7 km at an average angle of 5°
to 8°. It would have traveled substantially farther and at a lower angle than
landslides composed of megabreccia observed in other areas (Krieger, 1977).
It is also possible that the rhyolite ash-flow tuff was deposited as a result of
a postconglomerate eruptive event. However, the close lithologic match
between the tuff of Castle Rock/tuff of Challis Creek and the fractured rhyolite
ash-flow tuff on Moyer Ridge is difficult to explain unless the ash-flow tuff
represents a late eruption from the same magma chamber.
The preferred interpretation is that the fractured rhyolite ash-flow tuff is a
remnant of a late eruption from a segment of the Van Horn Peak cauldron
complex. This interpretation is consistent with the observation by McIntyre and
others (1982) that the only record of numerous eruptions following the tuff of
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Challis Creek eruptions are erosional remnants of distinctive tufts that cap
ridges in several locations throughout the area.
Samples of the fractured rhyolite tuff were collected in June 1993 for the
determination of magnetic polarity and 40Arf39Ar dating. These new data
should help clarify the relationship among the fractured rhyolite ash-flow tuff,
the tuff of Castle Rock, and the tuff of Challis Creek.
Fractured rhyodacite ash-flow tuff (Tvl2). At the junction of the NEstriking Rabbit Foot fault with the NW-striking Moyer Ridge fault in upper Moyer
Creek, there are a few exposures of a light greenish-gray (fresh surface: 5DY
8/1), densely welded, rhyodacite ash-flow tuff that is cut by numerous fractures .
Despite the fact that this area is heavily forested so that exposures are
generally poor , this unit is separate and distinct from the underlying
conglomerates.
Petrographic analysis of one sample, and observations of numerous hand
samples show that the tuff is rich in phenocryst fragments that are dominated
by plagioclase and biotite (Fig. 13). Lesser amounts of quartz and alkali
feldspar (sanidine) are also present (photomicrograph in Appendix, Fig. 44).
This unit is similar in its overall morphology and phenocryst mineralogy to the
lower portions of the tuff of Porphyry Ridge. If this unit is related to the tuff of
Porphyry Ridge, it is possible, but not likely, that it is a remnant of megabreccia
landslide that originated on Porphyry Ridge (Fig. 23). If so, it would have slid
approximately 1O km at an angle of 5° to 8° along a similar path as the
fractured rhyolite ash-flow tuff discussed above.
It is not clear if this tuff is stratigraphically higher or lower in the section than
the fractured rhyolite ash-flow tuff, or if this tuff •interfingers• with the
conglomerates. The tuff is localized next to the intersection of the Rabbit Foot
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and Moyer Ridge faults, is very fractured, and does not appear to have
conglomerates deposited on top of it. It may be a remnant of an ash-flow tuft
that was deposited in a depression formed during the last movements of the
Rabbit Foot and Moyer Ridge faults. If so, it may have been fractured by the
last movements along the basin-bounding faults, and would provide an
important age constraint to fault movement.
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STRUCTURAL
GEOLOGY
Faults
The Panther Creek basin is bounded on its SE and NE margins by two large
normal faults: the Rabbit Foot fault and Moyer Ridge fault, respectively.
Smaller offset normal faults are present along the western basin margin in units
older than the dirty tufts and along the northern and southern basin margins in
units younger than the tufts of Camas Creek-Black Mountain. The faults along
the western basin margin are described first because they are apparently older
than the faults along the other margins of the basin. Estimates of heave, throw,
and dip-slip displacement have been calculated from the cross sections on
Plate 3.
Faults along the western margin of Panther Creek half-graben.
Numerous normal faults that displace units no younger than the tufts of Camas
Creek-Black Mountain are exposed in the headwaters of most of the drainages
in the western portion of the PCHG (an exception is a small fault in the drainage
of Rams Horn Creek that displaces rocks as young as the quartz-biotite tuft).
Most of the faults strike north-south and dip either east or west. A subordinate
set strikes east-west with most dipping to the south. These faults are so
numerous that only seleced ones will be discussed.
On the ridge north of Fourth of July Creek, a NE-striking, SE-dipping normal
fault juxtaposes dacite lava flows in the footwall against NW-dipping tuft of Ellis
Creek in the hanging wall (Figs. 6, 24; Plate 3, cross section A-A'). The fault
strikes N 35° E, dips 75° SE, and is characterized by a narrow(< 5 centimeters)
core of fault gouge and broad (>30 meters) zone of fault breccia (Fig. 24). The
continuation of this fault, its relationship with other faults, and cross-cutting
relationships could not be determined due to poor exposures.
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Figure 24. Fault placing the tuft of Ellis Creek (on left) against dacite lava
flows (right). Fault orientation is N 35° E, 75° SE. The attitude of the tuft of
Ellis Creek is N 5° E, 60° W. View to south; location of photograph shown on
Figure 33.
A N-striking, down-to-the-east normal fault (Plate 1) is located at the junction
of Porphyry Creek and the South Fork of Porphyry Creek . It has the
Yellowjacket Formation in the footwall and the Yellowjacket Formation and
dacite lava flows in the hanging wall. This fault continues no more than 2 km
north of Porphyry Creek where no apparent offset is observed. The fault is
characterized by a fault-breccia zone approximately 15 meters wide with no
evidence of the development of fault gouge in the core of the fault. The lack of
significant stratigraphic offset suggests that this fault had no more than a 200
meters of displacement.
The basin-margin normal fault on the western side of the PCHG (McIntyre
and others, 1982; Ekren, 1988} is poorly exposed along the drainage divide
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between Panther Creek and Yellowjacket Creek, south of Red Rock Peak. This
fault strikes NE from the headwaters of Birdseye Creek north to Cabin Creek,
then strikes NW to a point one mile SW of Red Rock Peak where no apparent
offset was found. On the southern end (south of Birdseye Creek) the fault ends
abruptly at an E-striking fault that forms the margin of the cauldron created by
the eruption of the tuffs of Camas Creek-Black Mountain (McIntyre and others,
1982). This E-striking fault is overlapped by the dirty tufts. These cross-cutting
relationships show that the basin-bounding fault on the western side of the
PCHG formed during the initial phases of the Challis volcanic episode and
predates the basin-bounding faults to the east.
The same map trend (NE-strike then NW-strike) is evident in two quartzporphyry intrusions exposed 1-2 km east of the fault (Plate 1) that cut rock units
no younger than the tuft of Ellis Creek. The similar orientation of these quartzporphyry intrusions and the western basin-margin fault suggests that they may
have been intruded along faults that formed at the same time and in the same
tectonic setting as the western basin-margin fault.
It is unlikely that the displacement of the western basin-margin fault exceeds
200 meters, because the stratigraphic offset across the fault is small. This
interpretation agrees with the observation of McIntyre and others (1982) that
the bounding fault of the NW side has only a few hundred or a few tens of
meters of displacement.
There are numerous faults exposed in the drainage of Birdseye Creek that
cut rocks no younger than the tuffs of Camas Creek-Black Mountain. The
displacement across some of the faults could be as much as 1 kilometer (Plate
3, cross section D-D') but on other faults it is as little as a few tens of meters.
The footwall and hanging wall rocks range from Yellowjacket Formation to the
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tufts of Camas Creek-Black Mountain. The faults have strikes that range from
N-S to E-W and dip directions of various orientations, and like the western
basin-margin fault, are cut by the E-striking margin of the Van Horn Peak
Cauldron Complex, which in turn is overlapped by the dirty tufts. Cross-cutting
relationships between the faults exposed in the drainage of Birdseye Creek
suggest significant pre-PCHG faulting that may have been related to formation
of the cauldron margin during eruption of the tufts of Camas Creek-Black
Mountain .

Rabbit Foot fault. The Rabbit Foot fault extends from the Singheiser mine
(Fig. 6), NE through the Rabbit Foot mine to Moyer Creek (Plate 1). It
juxtaposes a thick section of ESE-dipping Challis volcanic rocks and
conglomerates in the hanging wall against Proterozoic and caldera-filling rocks
in the footwall. Southwest of the Rabbit Foot mine the fault loses displacement,
and splays into at least three NE-striking, NW-dipping normal faults that have
an aggregate displacement of approximately 3 km (Plate 3, cross section F-F').
Much of the trace of the Rabbit Foot fault is obscured by Quaternary
moraine deposits and alluvium. The fault does not cut these deposits. Threepoint solutions of the fault's map trace, observations in the field, and
observations of other workers indicate a consistent NE-strike and a steep
northwesterly dip. Umpleby (1913) noted that, in the Singheiser mine, the fault
strikes N 35° to 40°E and dips 65° NW. The fault is characterized by a
brecciated but sharply defined fissured zone approximately 15 meters wide.
The contact with the hanging wall is fairly sharp but with the footwall it is
gradational. He also noted that a fault near the entrance to Rabbit Foot mine
strikes N 10°E and dips 65° NW and that, near the mine, the banded rhyolite
intrusions strike N 10° to 20°E and dip 40° to 75° northwest. The 20° to 30°
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difference in the strike of the fault he observed near the entrance to Rabbit Foot
mine, compared to the map trace of the Rabbit Foot fault, suggests that the
fault he observed near the entrance of the mine is a subsidiary fault to the main
Rabbit Foot fault.
The only unobscured exposure of the Rabbit Foot fault is along Opal Creek
in brecciated Hoodoo Quartzite. It has near vertical but slightly left-lateral,
oblique-slip slickenlines, with a rake of 80° to the SW. A similar left-lateral,
oblique-slip sense of movement was noted along the fault and/or its subsidiary
faults in the Rabbit Foot and Singheiser mines (Ekren, 1988).
The Singheiser and Rabbit Foot mines were located on the fault where flowbanded rhyolite intruded along the fault zone and was broken and brecciated by
later fault movements (Hardyman, 1985). The brecciated rhyolite became the
host rock for hydrothermally emplaced mineral deposits (Hardyman and Fisher,
1985). If this rhyolite is related to the rhyolite intrusion at Red Rock Peak (K/Ar
age date of 44.6 +/- 1.5 m.y.), then movement along the fault was still occurring
approximately 45 Ma. Therefore, the Rabbit Foot fault formed after the
emplacement of the tufts of Camas Creek-Black Mountain (McIntyre and
others, 1982), and mostly predated the rhyolite intrusion .
A NE-striking, NW-dipping fault zone that has Proterozoic quartzite-argillites
in the footwall and hanging wall is northeast of the PCHG along the north side
of Moyer Creek (Fig. 25). Close examination of the fault-zone indicates that
that it dips 60°-80° to the NW. It was mapped by Ekren (1988) and Fisher and
others (1992) as a possible thrust fault that places younger Apple Creek
Formation over older Yellowjacket Formation (hanging wall-NW side). This
younger-over-older geometry is possible but seems unlikely. It is more
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Figure 25. Fault-zone in Yellowjacket Formation (arrows in center indicate
individual fault plane). Clipboard is parallel to bedding (170, 18). Fracture
orientations are approximately 195, 80. View NNE; location shown on Figure

33.
probable that this high-angle fault zone is an extension of the Rabbit Foot fault
where displacement was not sufficient to produce a basin .

Moyer Ridge fault. The Moyer Ridge fault is a NNW-striking fault along the
NE flank of PCHG. It is roughly perpendicular to the Rabbit Foot Fault where
the two faults meet along Moyer Creek (Fig. 6 and Plate 1). This fault extends
from an area southeast of the PCHG, along Moyer Creek and Moyer Ridge to
Porphyry Ridge . It juxtaposes a thick section of ESE-dipping Challis volcanic
rocks in the hanging wall against the Proterozoic Yellowjacket Formation in the
footwall.

S9
The trace of the Moyer Ridge fault is obscured by Quaternary glacial
deposits, alluvium, and upper units of the Tertiary conglomerates and air-fall
tufts. The fault does not cut these deposits. Three-point solutions of the fault's
probable map trace indicate a N-to-NW strike and a 55°-65°, W-to-SW dip.
There are three lines of evidence that argue for the existence of this fault.
(1) Juxtaposition of the Tertiary conglomerates and the Yellowjacket
Formation. The Tertiary conglomerates cap a thick section of volcanic and
sedimentary rocks along the NE flank of PCHG (Plate 3, cross section B-8').
This thick section comes to an abrupt end at the inferred position of the Moyer
Ridge fault.
(2) In the Tertiary conglomerates, clasts of Yellowjacket Formation can be
found up to 2 km SW from the NE basin-margin (Plate 2). This suggests that a
NW-trending topographic escarpment must have existed during deposition of
the conglomerates.
(3) Synextensional basin-filling units do not strike parallel to the NE-striking
Rabbit Foot fault (Fig. 26). This could reflect either greater displacement along
the NE portion of the Rabbit Foot fault or the presence of a NNW-striking fault
along the NE basin boundary. The former seems unlikely because the basin
ends abruptly at Moyer Creek.
The Moyer Ridge fault apparently initiated at the same time as the Rabbit
Foot fault, sometime after 48.4 Ma (post tufts of Camas Creek-Black Mountain).
The consistent ESE dip of all the basin-filling units from oldest to youngest,
oblique to both basin-bounding faults (Fig. 26), suggests that both faults must
have been simultaneously active from the earliest days of basin formation and
throughout the basin's development. The quartzite-argillite clasts in the
conglomerate that are concentrated along the NE basin-margin suggest that the
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Conglomerate and air-fall tuff unit
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Figure 26. Lower hemisphere equal-area stereograms showing great circles
of bedding (Toe) and compaction foliations (Tck, Tqb, Tap, Tdt, Te).
Stereograms are generated from measurements of strikes and dips {Plate 1).
The ·An units• lower hemisphere equal-area stereogram shows the average
pole to bedding for each stratigraphic unit. Note the progressive increase in dip
from the youngest unit {Toe) to the oldest units {Te, Tap, Tdt).
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Moyer Ridge fault was active in the last days of basin formation after
approximately 45 Ma. If the fractured rhyolite ash-flow tuft discussed earlier
was deposited and then fractured by later movement on the Moyer Ridge fault,
then its 40Ar/J9Ar age determination (to be determined from samples collected
during this study) may add a significant constraint to the youngest age of fault
movement, because the tuft overlaps the fault.
The 90° intersection of two active normal faults seems unlikely unless they
reactivated preexisting planes of weakness. NE and NW-striking, strike-slip
faults (Fig. 2) exposed NW and SE of PCHG were probably reactivated by the
Rabbit Foot and Moyer Ridge faults (Ekren, 1988).

Faults along the southwesternbasin margin. In contrast to the faults
along the western margin of the PCHG, which cut units no younger than the
tufts of Camas Creek-Black Mountain, the faults along the SW basin margin all
cut the youngest volcanic unit preserved at the south end of the basin (tuft of
Castle Rock). These faults strike NE and dip NW, except for one north-striking,
west-dipping normal fault exposed west of Rabbit Foot mine (Plate 1). For the
NE-striking faults, the footwall rocks consist generally of the tufts of Camas
Creek-Black Mountain and the alkali-feldspar-plagioclase tuft. The hanging wall
rocks generally are the quartz-biotite tuft and the tuft of Castle Rock. The NEstriking faults are interpreted as splays of the Rabbit Foot fault as it loses
displacement to the SW.
The north-striking, west-dipping fault mentioned above has the alkalifeldspar-plagioclase tuft unconformably overlain by the Tertiary conglomerates
in its footwall and the tuft of Castle Rock (and underlying stratigraphic section)
in its hanging wall. At the northern end of the apparent fault trace, the fault
does not appear to offset the Tertiary conglomerates and tuffaceous sediments
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of the PCHG. Ekren (1988) and Fisher and others (1992) similarly concluded
that this fault does not cut the Tertiary conglomerates. However, they project
the fault northeast (under map unit Toe) to merge with a north-striking segment
of the Moyer Ridge fault. It is possible that this is the case but no evidence
could be found for or against this interpretation.

Faultsalong the northernbasin margin. Exposed on Porphyry Ridge are
numerous normal faults that strike either north or east and dip either east or
south. One of these faults is located approximately 1/2 mile east of the junction
of the South Fork of Porphyry Creek and Porphyry Creek (Plate 1). The
footwall rocks are Yellowjacket Formation and the hanging wall rocks are the
tuff of Ellis Creek. This fault does not cut the NW-striking fault along the basinmargin as evidenced by the consistent dips in the Yellowjacket Formation in the
footwall of the NW-striking Moyer Ridge fault. Displacement on the N-striking
fault appears to be on the order of tens of meters or perhaps hundreds of
meters, because stratigraphic separation is minimal. The fault dies out to the
south into undisturbed hanging wall strata.
Another fault exposed on Porphyry Ridge is a WNW-striking, SSW-dipping
fault (Fig. 27) located 3/4 mile east of the junction of the South Fork of Porphyry
Creek and Porphyry Creek. It has the dirty tufts in the footwall and the quartzbiotite tuft in the hanging wall. This fault is probably related to a fault with a
similar strike and sense of displacement located several hundred meters to the
SW across Porphyry Creek (Plate 1).
Two miles west of Panther Creek on Porphyry Ridge a N-striking, down-tothe-east normal fault places the tuff of Porphyry Ridge (hanging wall) against
the tuft of Castle Rock (footwall). This fault, like the other faults exposed on
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Figure 27: Fault placing the quartz-biotite tuft (right) against the dirty tufts
(left). Fault orientation is 105, 61. Location shown in Figure 33.
Porphyry Ridge, appears to have no more than several hundred meters of
displacement and it also loses displacement to the south.
Folds
Two folds in the densely welded portion of the tuft of Castle Rock can be
clearly delineated on Plate 1; one is located east of Silver Creek near the
surface expression of a north-striking fault. The other one is located south of
the Cabin Creek-Panther Creek junction and is responsible for the exposures of
the tuft of Castle Rock on the east side of Panther Creek. The folds have an
amplitude on the order of 100-200 meters and both plunge to the east.
The folds probably formed above laccolithic intrusions of the flow-layered
rhyolite and/or the quartz-porphyry along the contact of the quartz-biotite tuff
and the tuft of Castle Rock. Evidence for this interpretation is the apparently
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concordant intrusion of both the quartz-porphyry, and the flow-layered rhyolite
beneath (west of) the fold located south of the junction of Cabin Creek and
Panther Creek (Plate 1). Units beneath the intrusions are not folded, and the
tuff of Castle Rock above the flow-layered rhyolite is folded. The fold located in
the drainage of Silver Creek does not show this relationship as clearly as the
other fold .
Relationship of Unit Orientations
to Basin Development
It is apparent that the younger basin-filling units are nearly flat, whereas the
oldest units are tilted progressively more steeply, with the exception of the tuff
of Ellis Creek (Fig. 26). This relationship is clearly evident on aerial
photographs of the basin and on Plate 1. Where the older units cross major
drainages, they NV"steeply to the southeast. The younger units follow contours
around topography and

·v· shallowly to the southeast.

All of the units have a

similar NNE strike. This ·tanning of the dips• suggests that the PCHG is a
synvolcanic basin (Anadon and others, 1986).
The tuff of Ellis Creek is the only unit that does not dip more steeply than
overlying strata . The lesser dip of the tuff of Ellis Creek suggests that it was
deposited prior to the development of the PCHG and may have been tilted to
the west (away from the later basin-margin faults of the PCHG) on faults related
to cauldron activity associated with the tufts of Camas Creek-Black Mountain
(McIntyre and others, 1982; Ekren, 1985). Prior westward tilting would reduce
the SE dip of the tuff of Ellis Creek relative to overlying synextensional basinfilling units.

65
Cross Sections
In attempting to balance cross sections drawn across portions of the PCHG,
Methods for palinspastic restoration of extensional basins in Davison (1986),
Rowan and Kligfield (1989), Groshong (1989), and Dula (1991) were reviewed.
The methods have similar assumptions (underlined) that can not be satisified
by relationships in the PCHG.
(1) Plane-strain deformation (no material has moved into or out of the plane
of the cross section): Kinematic indicators (such as orientations of slickenlines)
on the Rabbit Foot fault suggest a high-angle, left-lateral oblique sense of slip.
This small amount of oblique movement is unlikely to be a significant problem in
restoring the cross section. No kinematic indicators were observed along any
other faults.
(2) Presence of a preexisting seguence of rocks: The methods treat
synextensional units as •valley

tm·and ignore them.

Unfortunately, the majority

of rocks preserved in the PCHG are synextensional. The only widespread preextensional unit is the tuft of Ellis Creek, which was deposited across significant
topographic relief (Shockey, 1957; McIntyre and others, 1982). It is unlikely
that this tuft blanketed the present footwall thickly, because of preexisting
topographic relief. It is likely that any accumulation was stripped off prior to
basin development. Projecting the very limited exposures of this tuft in the
footwall, to the intersection with the plane of the Rabbit Foot fault, gives rough
estimates of heave, throw, and dip-slip displacement.
(3) ·Pin lines• in the footwall and hanging wall strata: There is no ·stack of
strata• outside the hanging wall that could be used for a pin line.
(4) Detailed subsurface data: No seismic or well data are available for the
PCHG and the available gravity and magnetic data are not detailed enough.
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(5)

Faultssoleintodetachment
faults: Balancing methods were developed

for ·sasin-and-Range• style faulting associated with regional extension. Most
of these faults were likely initiated as a result of gravitational spreading and
either reactivated thrust faults and/or soled into detachment faults. Basins
along the TCFS are localized •collapse• features associated with crustal rifting
and magma withdrawal (McIntyre and others, 1982). Rather than soling into
detachment faults, it is more probable that the main faults along the eastern
margin of the PCHG reactivated preexisting high-angle strike-slip faults (Ekren ,

1988).
Since the PCHG fails to meet most of the basic criteria for palinspastic
restoration, the displacement across selected faults was estimated by
projecting the surface orientations of faults and stratigraphic units to depth
(Twiss and Moores, 1992). To evaluate the heave, throw, and dip-slip
displacement across each fault, four simplifing assumptions were made:
(1) the fault geometry at depth is constrained by the assumption that the

cut-off angles between hanging wall units and each fault are less than or equal
to 90°;
(2) fault strike is uniform;
(3) pure dip-slip motion; and
(4) the top of each ash-flow tuff was horizontal when deposited; the tuffs
were later rotated by movement on the faults.
The percent extension for a selected normal fault equals the amount of
heave divided by the original length of the cross section. If there is more than
one normal fault in a cross section, then the percent extension is a sum of the
heave from each fault divided by the original length of the cross section.
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Cross section A-A' (Plate 3) is drawn perpendicular to the NE-striking, SEdipping normal fault exposed on the ridge north of Fourth of July Creek (Fig 24).
Restoring the two-meter-thick tuft that is intercalated within the dacite lava (Fig.
5) back to horizontal suggests approximately 350 meters of heave, 500 meters
of throw, and 600 meters of total displacement across the fault. The estimates
are imprecise because of limited exposures and evidence that other, smaller
faults cut the lava flows.
Cross section 8-8' (Plate 3 and Fig. 28) is drawn perpendicular to a northstriking segment of the Moyer Ridge fault. The true dip of the stratigraphic units
has been converted to apparent dip as outlined in Compton (1985).
The Moyer Ridge fault is responsible for approximately 37 percent extension
over the length of the cross section (from 8-8 1) .
Two observations from Table 2 are readily apparent:
(1) the total displacement was approximately 5 km; and
(2) much of the displacement occurred during the deposition of the tuft of
Castle Rock.
Cross section C-C' (Plate 3 and Fig. 29) is drawn perpendicular to the strike
of the basin-filling units and approximately perpendicular to the trace of Rabbit
Foot fault. Estimates of heave, throw, and dip-slip displacement are reported in
Table 3.
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Figure 28. Cross section along 8-8' (Plate 3) at a scale of 1:250,000.
Rock-unit symbols are the same as Figure 29.

Table 2. Heave, throw, and dip-slip displacement on the Moyer Ridge fault
determined by rotating the top of each unit to horizontal. These are minimum
values only. The amount of displacement on the upthrown side can not be
accurately determined.

Unit

Heave
(km)

Throw
(km)

Total
displacement (km)

Te
Tdt
Tqb
Tck
Toe

3.1
2.3
1.6
.6

3.8
3.3
2.5
.9

4.9
4.0
3.0
1.1

Percent
displacement
during the
deposition
of each
unit

19
21
36
24
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Figure 29. Cross section along C-C' (Plate 3) extended to the east at a
scale of 1:250,000 . Displacement is measured along the plane of the fault.
Heave and throw are illustrated above as measured from the top of the tuff of
Ellis Creek .

Table 3. Heave, throw, and dip-slip displacement on the Rabbit Foot fault
determined by rotating the top of each unit to horizontal. These are minimum
values only . The amount of movement on the up-thrown side can only be
roughly estimated

Unit

Heave (km)

Throw (km)

Total
displacement
(km)

Te and Tb
Tdt and Tap
Tqb
Tck
Toe

4.6
3.7
2.7
.4

7.0
6.2
5.1
.7

8.5
7.3
5.8
.8

Percent
displacement
during the
deposition of
each unit
15
17
58
10
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Perhaps the most striking observation from Table 3 is that over 50 percent
of the displacement on the Rabbit Foot fault occurred during the deposition of
the tuft of Castle Rock. It is inferred that this represents a significant pulse of
movement along the fault. This concurs with the conclusion of Ekren (1988)
that burial of the unwelded and partially welded portions of the tuff of Castle
Rock must have been rapid in order for so much poorly consolidated tuff to be
preserved. The Rabbit Foot fault is responsible for approximately 50 percent
extension over the length of the cross section.
Another observation from cross section C-C' is that dikes of the quartzporphyry are discordant, nearly vertical, and cut across the fanned volcanic
strata. This suggests that most of the development of the PCHG had occurred
prior to the emplacement of these intrusions and that the basin was nearly fully
developed at the end of Challis magmatism.
Cross section 0-0' (Plate 3) is drawn perpendicular to the western margin of
the PCHG. It clearly shows that less than 200 meters of displacement occurred
across the western basin-margin fault. It is also evident that up to 2 km of
displacement occurred across a NE-striking, west-dipping normal fault that is
older than the dirty tuffs. Both faults probably formed adjacent to the cauldron
that produced the tuffs of Camas Creek-Black Mountain about 48 to 50 Ma.
Cross section E-E' (Plate 3) is drawn perpendicular to the N-striking fault
west of the Rabbit Foot mine. The surface exposure of this fault is very poor so
the dip of the fault is uncertain. A 60° dip to the west was assumed in the cross
section E-E'. If that is the case, then approximately 2 km of heave, 4 km of
throw, and 4.5 km of dip-slip displacement are responsible for the significant
stratigraphic separation across the fault. This fault cuts the tuff of Castle Rock
and does not appear to cut the Tertiary sedimentary units.
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The hanging wall of the N-striking fault contains the complete stratigraphic
section, whereas the footwall is missing most of the section. The
conglomerates and tuftaceous sediments were deposited directly on the alkalifeldspar tuft in the footwall. It is possible that the N-S fault was active, and all
volcanic rocks younger than the alkali feldspar tuft were eroded from the
footwall. Later, another fault to the east (the Rabbit Foot and/or Moyer Ridge
faults) dropped the former footwall to a lower position, allowing the
conglomerate and air-fall tuft unit to be deposited across the footwall.
Cross section F-F' (Plate 3) is drawn perpendicular to the NE-striking faults
in the vicinity of the Singheiser Mine. The aggregate displacement is greater
than 3 km across these faults. This is significantly less than that observed to
the NE along the Rabbit Foot Fault and probably represents a decrease in
displacement of the Rabbit Foot fault toward the SW.
Cross section G-G' (Plate 3) is drawn approximately parallel to the strikes of
the basin filling units in the PCHG and perpendicular to the other cross
sections. The pattern of the foliations in the tuft of Castle Rock clearly indicates
an anticline over the flow-layered rhyolite, which suggests that the flow-layered
rhyolite intruded into the tuft of Castle Rock. Also apparent are the three splays
of the Rabbit Foot fault that drop the quartz-biotite tuft down to the N-NW in the
hanging walls of the faults. The north-south-striking fault is dipping into the
plane of the cross section. It is evident that it is cut by a splay of the Rabbit
Foot fault and down-dropped to the N-NW. This observation is consistent with
the idea that the north-south-striking fault was dropped down by later
movements on the Rabbit Foot-Moyer Ridge fault system.
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GEOPHYSICS
Cross sections drawn from gravity and magnetic maps (scale 1:250,000)
provide valuable insights about the locations and geometries of the basin
margins and the distributions of igneous intrusions. Profiles 8-8 1 (Fig. 30) and
c-c· (Fig. 31) were drawn along the same lines as Figures 27 and 28,
respectively. Profile G-G 1 (Fig. 32) was drawn along a N-S trend in the center
of the basin along the same line as cross section G-G 1 on Plate 3 (locations of
profiles shown on Figure 33.) Because of the scarcity of data points , no
geophysical modeling was done. Inferences made are based on the differences
in the gravity and magnetic gradients and on the positions of positive magnetic
anomalies .
The Bouguer gravity profiles were compiled from the Bouguer gravity map of
the Challis 1° x 2° quadrangle by Webring and Mabey ( 1981) and Bouguer
gravity data in Bennett (1977). The magnetic profiles were compiled from an
aeromagnetic map of the Challis National Forest by Mccafferty (1989) and
magnetic data in Bennett (1977). All maps were at a scale of 1:250,000. No
data at a larger scale could be located.
The gravity profiles are interpreted with the understanding that the greater
the gradient (mgals/km) the greater the density contrast and/or the steeper the
boundary between bodies of different densities. It is evident from Table 4 that
the Tertiary basin-filling units in PCHG have a rather low density and adjacent
Proterozoic metasedimentary rocks have a high density. Therefore, the
gradient is probably mostly a function of the dip of the contact between the
basin fill and the Proterozoic rocks.
The magnetic profiles are used to determine the existence of felsic
intrusions within the PCHG. Prominent positive magnetic anomalies are often
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Figure 30. Geophysical profiles along B-B' at a scale of 1:250,000. Note
the steeper gradient on the gravity profile on the eastern side of the basin and
the positive anomaly on the magnetic profile in the western portion of the basin.
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Figure 31. Geophysical profiles along C-C' at a scale of 1:250,000. Note
the steeper gradient on the gravity profile on the SE side and the positive
magnetic anomaly near Panther Creek.
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Figure 32. Geophysical profiles along G-G' at a scale of 1:250,000. Note
the significant positive anomaly on the magnetic profile.
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imbricate cobbles. Lines where geophysical profiles (Figs. 30, 31, 32) were
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shown along the NE margin of the figure.
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associated with exposed Tertiary granitic intrusions in east-central Idaho
(Mabey and Webring, 1985; Worl and others, 1989). Thus, individual
anomalies may indicate the presence of concealed near-surface Tertiary
intrusions or more extensive subsurface development of an exposed pluton,
dike swarm, or sill.

Table 4. Density and magnetic values for rocks from the Panther Creek
half-graben {PCHG) and surrounding areas {Mabey and Webring, 1985).
Density (gm/cc)
2.70

Magnetic susceptibility
(cgs X 10-3)
3.8

2.60

3.0

2.58
2.23
2.13

1.81
1.10
-0.77

Rock type
PC metasedimentary
(Yy etc.)
PC metasedimentary
(Yy etc.)
Casto pluton; granitic
Dacite lava (PCHG)
Rhyolite tuft (PCHG)

Bouguer gravity profile 8-8 1 (Fig. 30) is drawn perpendicular to a northstriking segment of the Moyer Ridge fault (location on Figure 33). The contrast
between the Tertiary basin-filling units in the PCHG and the surrounding
metasedimentary rocks is shown by a negative anomaly of 20 milligals. The
gradient on the western side of the anomaly is approximately 0.57 mgals/km,
and that on the eastern side, 1.1 mgals/km. The steeper gradient on the
eastern side is interpreted to record the steep Moyer Ridge fault (60° to 65°
dip), which juxtaposes lower density Tertiary rocks against higher density
Proterozoic rocks. The fault is concealed by the Tertiary conglomerates and
air-fall tufts {Plate 1), but the gravity gradient is a strong argument for its
existence. The more moderate gradient on the western margin is interpreted to
reflect the more gradual ESE dip of the base of the hanging wall strata.
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Magnetic profile 8-8' shows a negative anomaly that may be as much as 60
gammas over the PCHG. Within the negative anomaly of the PCHG is a 20
gamma positive anomaly that is in sharp contrast to the overall magnetic low of
the basin. This anomaly is centered on Red Rock Peak and may reflect more
extensive subsurface development of the intrusive rhyolite exposed at Red
Rock Peak and the quartz-porphyry dikes exposed east of Red Rock Peak.
Bouguer gravity profile C-C' (Fig. 31) is drawn perpendicular to the Rabbit
Foot fault (location on Figure 33). The contrast between the Tertiary basinfilling units in the PCHG and the surrounding metasedimentary rocks is
reflected by a negative anomaly of 30 milligals. The gradient on the western
side of the anomaly is approximately 1.0 mgaVkm, and that on the eastern side,
1.4 mgals/km. The steeper gradient on the eastern margin is interpreted to
reflect the steep Rabbit Foot fault (65° dip), which juxtaposes lower density
Tertiary rocks against higher density Proterozoic rocks. The more moderate
gradient on the western margin is interpreted to reflect the more gradual ESE
dip of the base of the hanging wall strata.
The similar size of the gravity anomaly adjacent to the Moyer Ridge fault
(Fig. 30) and the Rabbit Foot fault (Fig. 31) suggests that both faults have large
offsets. The gravity gradient across the Rabbit Foot fault is steeper than the
gradient across the Moyer Ridge fault. This suggests that the Rabbit Foot fault
may have a steeper dip, in agreement with previous estimates
Magnetic profile C-C' shows a negative anomaly that may be as much as
100 gammas over the PCHG. Within the negative anomaly of the PCHG is a
positive anomaly of 50 gammas that is in sharp contrast to the overall magnetic
low of the basin. This anomaly generally coincides with the position of the flowlayered rhyolite, and may reflect its more extensive subsurface development.
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This more extensive subsurface development may be responsible for the eastplunging fold in the tuft of Castle Rock, located near the junction of Cabin Creek
and Panther Creek.
Bouguer gravity profile G-G' (Fig. 32} is drawn approximately parallel to the
strike of the basin-fill units and at an oblique angle to the Rabbit Foot and
Moyer Ridge faults (location on Figure 33). It is perpendicular to profiles 8-8'
and C-C'. The gravity profile shows a gradient of 0.61 mgals/km on the
southern portion of the profile, and a gradient of 0.54 mgals/km on the northern
portion of the profile. Overall the Tertiary basin-fill of the PCHG causes a
negative anomaly of 12 milligals. The much shallower gradients over the faults
at the basin margins on this profile are likely a result of the oblique profile used.
Magnetic profile G-G' shows a negative anomaly that may be as much as 50
gammas over the PCHG, but this is almost c~mpletely obscured by a positive
anomaly that is up to 80 gammas. The observation that this positive anomaly is
much more pronounced than the positive anomalies on 8-8 1 and C-C', and the
observation that it coincides with the north-south surface exposure of the flowlayered rhyolite, may indicate that the flow-layered rhyolite is more extensive in
a north-south direction than an east-west direction. The close proximity of the
Casto pluton (Fig. 2) suggests that these dikes, plugs, and sills may reflect an
eastern extension of the pluton.
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SUMMARIZED GEOLOGIC HISTORY OF THE PCHG
The Middle Proterozoic Yellowjacket Formation, Hoodoo Quartzite, and a
closely related unnamed argillaceous quartzite that lies gradationally above the
Hoodoo Quartzite are the oldest metasedimentary rocks in the area of the
PCHG (Ruppel, 1975). Fine-scale cross-laminations, oscillatory ripple marks,
and mud-cracked siltstone in the Yellowjacket Formation suggest that much of
this sequence in the area of the PCHG was deposited in a shallow-marine
environment (Ross, 1934; Ekren, 1988). This sequence has never been found
in depositional contact with other Proterozoic rocks, and no bottom or top is
known (Ross, 1934; Ekren, 1988). However, sedimentation apparently
continued in a shallow-marine environment through the later stages of the
Middle Proterozoic during deposition of the Apple Creek Formation (Ruppel,
1975).
The Yellowjacket Formation is possibly as old as 1.7 Ma and was
metamorphosed, tightly folded, and cleaved prior to 1.37 Ma (Ekren, 1988).
There is a strong possibility that the Yellowjacket-Hoodoo sequence was
deposited wholly or in part during the same time span as the older rocks of the
Belt Supergroup exposed in western Montana (Lopez, 1982). It is likely that the
Yellowjacket-Hoodoo sequence and the younger Apple Creek Formation stood
as subaerial landmasses for long intervals during Late Proterozoic and Early
Paleozoic time (Ekren, 1988).
Latest Cretaceous or early Tertiary erosion (Ross, 1934; Shockey, 1957)
that followed folding and the emplacement of the Cretaceous Idaho batholith
during the Sevier Orogeny removed all Paleozoic rocks that probably covered
the area of the PCHG (Fig. 34), and exposed parts of the Idaho batholith west
of the PCHG. Relief estimates on this pre-Eocene erosion surface are as great
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as 2 km in the area of the PCHG (Shockey, 1957) and less than 1 kilometer in
areas 50-100 km south of the PCHG (Rodgers and Janecka, 1992).
A NW-trending zone of strike-slip faults (comprised of NW-striking, right-slip
faults and NW-striking, left-slip faults) formed prior to rifting and volcanic
eruptions associated with the Challis volcanic episode in early Middle Eocene
time (Fig. 34; McIntyre and others, 1982; Ekren, 1988). There is no evidence
that these strike-slip faults cut the intermediate and mafic lava flows that began
erupting 51 Ma (McIntyre and others, 1982; Ekren, 1985). These intermediate
and mafic lava flows are the first evidence of volcanic and intrusive activity
associated with the Challis volcanic field in the area of the PCHG. The eruption
of these lavas continued for about 2 m.y. and was accompanied by only minor
eruptions of tuff (Ekren, 1985).
The caldera cycle that created the Van Horn Peak cauldron complex (Fig.
34) started with the eruption (about 48.4 Ma) of the tuff of Ellis Creek (Te;
McIntyre and others, 1982; Ekren, 1985; Ekren, 1988; Fisher and others, 1992).
The eruption of this ash-flow tuff is inferred to have caused the collapse of a
NW-trending, roughly elliptical area about 70 km long and 40 km wide (Ekren,
1985). Much of the SW portion of the PCHG is within the cauldron complex
(Fig. 2). The tuff of Ellis Creek was deposited on irregular topography
developed on Proterozoic metasedimentary units and on the intermediate and
mafic lava flows in the area of the PCHG (Plate 1). It is not clear if this
topography is the pre-Eocene erosion surface, if it was generated by post-lavaflow erosion, or if it resulted from a combination of both factors.
Following the eruption of the tuff of Ellis Creek, a series of ash flows filled
the subsiding cauldron complex created by the eruption of the tuff of Ellis Creek
(Ekren, 1985). The earliest of these is the tuff of Eightmile Creek (Tern;
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McIntyre and others, 1982). It is very similar to the tuft of Ellis Creek but
contains phenocryst fragments of alkali feldspar (sanidine; McIntyre et al.,
1982; Ekren, 1985; Fisher and others, 1992). The tuft of Eightmile Creek is well
preserved in the Custer Graben (McIntyre and others, 1982), but is absent in
the PCHG.
The eruption of the tuft of Eightmile Creek was followed, with little or no time
lapse, by eruption of the tufts of Camas Creek-Black Mountain (Tc; Fig. 34;
Ekren, 1985). These tufts are a cauldron-filling sequence that correlate with the
tuft of Ninemile C reek in the Custer Graben and the more regionally extensive
tuft of Pennal Gulch (McIntyre and others, 1982). The observation that outflow
units are preserved in the more distant Custer Graben and none are preserved
in the more proximal PCHG suggests that both the tuft of Eightmile Creek and
the tufts of Camas Creek-Black Mountain either were never deposited across
the future PCHG , or were deposited and then stripped away by erosion prior to
basin formation. The latter of the two hypotheses seems more likely (McIntyre
and others, 1982).
Numerous normal faults along the western margin of the PCHG cut units no
younger than the tufts of Camas Creek-Black Mountain (Fig. 34). These faults
probably formed as a result of cauldron activity related to the emplacement of
the tufts of Camas Creek-Black Mountain and/or during the period of erosion
prior to the deposition of the synextensional first basin-filling unit, the dirty tufts.
The dirty tufts (Tdt) are the lowest stratigraphic unit of the basin fill. They
were deposited during the initial movements of the large basin-margin normal
faults on the eastern side of the PCHG. The alkali-feldspar-plagioclase tuft
(Tap) overlapped the dirty tufts, but is confined to the southern part of the
PCHG. Apparently, the PCHG was not well expressed at the time the alkali
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feldspar-plagioclase tuft was deposited, possibly because the basin was filled
by the dirty tufts (McIntyre and others, 1982).
The quartz-biotite tuft (Tqb) was deposited on the dirty tufts and alkalifeldspar-plagioclase tuft. It is a thick, continuous unit across the PCHG. The
continuity suggests that the PCHG was a well developed topographic low at the
time the tuft was emplaced. Stratigraphically above the quartz-biotite tuft is a
localized lahar deposit (Tlh) and one of several NNE-striking, lenticular basalt
flows present throughout the lower volcanic sequence (prior to Tck). It is likely
that this lahar deposit and the basalts were deposited in WNW-trending
paleovalleys , which record erosion between the pulses of ash-flow-tuft
deposition . This trend would be down the dip of the hanging wall.
It is likely that subareal erosion occurred between each volcanic unit. Only
unconformities that may represent a significant interval of time and/or tectonic
events are shown on Figure 34 and on the cross sections on Plate 3.
The tuft of Castle Rock (Tck) was deposited on the quartz-biotite tuft and
extrusive basalts. Although most of the tuft of Castle Rock is poorly welded, up
to 1.7 km are preserved, which suggests that subsidence and faulting were
rapid during the deposition of this unit (Tables 2 and 3; Ekren, 1985). If this unit
is the northern equivalent of the tuft of Challis Creek, then it likely was
deposited between 46.5 +/- .1 Ma and 45.5 +/- .3 Ma (Fisher and others, 1992).
If it is a distinctly older tuft erupted from another segment of the Van Horn Peak
cauldron complex, then it may be as old as 47.1 Ma or as young as 46.7 Ma
(Fig. 34) (Ekren, 1988; Fisher, 1992).
Erosion stripped much of the air-fall and some of the poorly welded portions
of the tuff of Castle Rock in the PCHG. At some time after the air-fall-tuff was
stripped from the top of the tuft of Castle Rock in the northern portion of the
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PCHG, a more mafic-rich tuft {Tpr) was deposited on what is now Porphyry
Ridge. This tuft is limited to the northern portion of the basin and preceded the
accumulation of Tertiary sediments.
Prior to the deposition of most of the younger Tertiary conglomerates and
tuffaceous sediments (Toe), the tuff of Castle Rock was folded into eastplunging folds above intrusions of quartz-porphyry sills (Tqp) and flow-layered
rhyolite (Tir, Tfl) laccoliths. The quartz-porphyry crystallized approximately 44.4
Ma (Fisher and others, 1992), and for the most part it crops out as nearly
vertical dikes. The dikes probably postdate the tilting of the basin-filling strata,
unless the dikes intrude tilted faults that fortuitously ended up nearly vertical. If
the largely concordant, flow-layered rhyolite laccolith was emplaced at the
same time as the rhyolite plug exposed at Red Rock Peak (44.6 Ma; Fisher and
others, 1992), then the discordant and concordant intrusions are approximately
the same age. Flow-banded rhyolite intruded the Rabbit Foot fault zone,
crystallized, and, as seen in the Singheiser and Rabbit Foot mines, was
fractured during fault reactivation (Umpleby, 1913; Hardyman, 1985).
The laccolithic intrusions apparently caused a ponding of volcanic-clastdom inated conglomerates on the north and south side of an east-plunging
anticline (Plate 1) in the central portions of the basin. The paleohill produced by
the fold was eventually buried by Proterozoic metasedimentary-clast-dominated
conglomerates and tuftaceous sediments (upper Toe). Later sedimentation
became increasingly dominated by clasts of Proterozoic metasedimentary rocks
transported from SE to NW, and depositional patterns were no longer
influenced by the paleohill. Deposition of the conglomerates and tuffaceous
sediments occurred during the waning stages of basin formation. Only 10-25
percent of slip on the Moyer Ridge and Rabbit Foot fault occurred at this time

86
(Tables 2 and 3). The youngest units of the conglomerate and tuftaceous
sediment unit lap across the Moyer Ridge fault.
After most of the Tertiary sedimentary units that are presently exposed in
the PCHG were deposited, small units of ash-flow tuft (Tvl1, Tvl2) were
deposited in a NW-trending depression near the trace of the Moyer Ridge fault.
These tufts may have been more extensive but only two erosional remnants are
preserved. It is uncertain if the conglomerates ever covered these tufts, but it is
clear that the rhyolite tuft on Moyer Ridge (Tvl1) has not been broken by later
fault movements . The rhyolite tuft may be the only exposure of the tuft of
Challis Creek in the PCHG, or it may record a later eruptive event. There is no
evidence that the PCHG continued development after the emplacement of the
essentially flat-lying tuff on Moyer Ridge. The PCHG was unaffected by
Miocene and younger Basin and Range tectonism.
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CONCLUSIONS
This integrated field, petrographic, structural, sedimentological, and
geophysical analysis clearly demonstrates that the development of the PCHG
was mostly synchronous with volcanism. This conclusion agrees with the earlier
interpretations of McIntyre and others (1982), Ekren (1985, 1988), and Fisher
and others (1992). It refutes the hypothesis that the PCHG may have formed
as a result of a largely post-Challis-volcanics episode of extension (Janecka ,
1991). This synchroncity supports the hypothesis that the TCFS acted as a
barrier to the NW migration of Basin-and -Range faulting (Bennett , 1986). Other
conclusions of this research are:
(1) Panther Creek basin is a synvolcanic half-graben bounded by formerly
active normal faults on its NE and SE margins. The faults exposed along the
western basin margin most likely formed in response to cauldron activity related
to the emplacement of the tufts of Camas Creek-Black Mountain prior to
initiation of the PCHG. This study demonstrates that both graben (Custer and
Knapp Creek) and half-graben formed along the TCFS , and it supports the
conclusion of McIntyre and others (1982) that the PCHG is distinctly younger
than the Custer Graben.
(2) The strikes of the basin-filling units are intermediate between the strike
of the Rabbit Foot and Moyer Ridge faults, evidence that movement on both
faults was largely synchronous and that both faults controlled the development
of the basin.
(3) The Rabbit Foot and Moyer Ridge faults may have reactivated preexisting NE- and NW-striking, strike-slip faults exposed in Proterozoic rocks
northwest and southeast of the PCHG. If this is not the case, then the
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perpendicular intersection of these faults along the eastern basin margin is
difficult to explain.
(4) There is significant hanging wall faulting in units younger than the tufts
of Camas Creek-Black Mountain along the northern and southern portions of
the basin. This hanging wall faulting occurred at the same time as movement
along the Rabbit Foot and Moyer Ridge faults, and may have accomodated a
decrease in displacement across the Rabbit Foot and Moyer Ridge faults to the
SW and NW, respectively .
(5) Two additional geologic units were recognized as a result of this study:
the lahar deposit {Tlh) exposed in the drainage of Birdseye Creek and a maficrich tuft (Tpr) exposed on Porphyry Ridge. Other geologic units described by
previous workers have been reinterpreted. The flow-layered rhyolite, which
was thought to be a lava flow or remobilized tuff, is most likely a rhyolite
intrusion similar to a plug exposed near Red Rock Peak. Previously
undifferentiated landslide masses of volcanic rocks in the Tertiary sediments
have been mapped separately from the sediments and may actually be small
remnants of ash flows that postdate basin development. The Tertiary
sediments were previously mapped as a •colluvium• unit. This unit has been
renamed Nconglomerates and tuffaceous sediments of the PCHG, • to more
accurately describe it.
{6) Analysis of gravity and magnetic profiles indicates a sizable felsic
intrusion beneath the west-central portion of the PCHG. This intrusion is most
likely an eastern extension of the Casto pluton that is expressed in the PCHG
by quartz-porphyry and rhyolite intrusions. Quartz-porphyry sills and rhyolite
laccoliths may be responsible for the east-plunging folds in the tuff of Castle
Rock.
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(7) Sediment dispersal in the youngest Tertiary units in the PCHG was
complex and varying . The lower portions of the conglomerate beds (Toe) show
two distinct areas dominated by clasts derived from volcanic rocks. These
areas are separated by a fold in the tuft of Castle Rock. Stratigraphically above
the beds dominated by volcanic clasts, the conglomerate beds are dominated
by clasts derived from Proterozoic metasedimentary rocks. Four sets of
paleocurrent determinations, and sediment-dispersal patterns inferred from
clast-composition data indicate that drainage was generally to the NW during
deposition of the beds dominated by Proterozoic clasts . This evidence
suggests that the SE and NE footwalls of the basin-bounding faults were the
main sources of sediments in this portion of the unit. The lack of volcanic clasts
in conglomerate beds higher in the Toe section suggests that the footwall was
not thickly blanketed by volcanic material associated with the Challis volcanic
episode during the final phases of basin formation.
Clasts derived from the NE footwall are confined to a SE-NW trend, and did
not prograde more than 2 km into the basin . Clasts derived from the SE
footwall form a similar SE-NW trend, but prograde at least 10 km into the basin.
This pattern may be a result of more rapid displacement along the Moyer Ridge
fault relative to the Rabbit Foot fault in the waning phases of basin
development, if the basin-filling models of Leeder and Gawthorpe (1987) are
correct.
(8) It is possible that the tuft of Castle Rock and the tuft of Challis Creek
were emplaced at approximately the same time, as originally suggested by
McIntyre and others (1982). It is also possible that the tuft of Challis Creek is
younger than the tuft of Castle Rock, so that the only record of the tuft of Challis
Creek in the PCHG is preserved as the rhyolite tuft on Moyer Ridge. Perhaps

90
there was no basin for the tuft of Challis Creek to fill because the Tertiary
sediments had largely filled in the topographic low of the PCHG. The
relationship between these units may be clarified when 40ArfJ9Ar dates for
these units are completed.
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Photomicrographs of thin sections of selected units (analyzer inserted)

Names of phenocryst minerals are abbreviated as follows: q=quartz,
pf=plagioclase feldspar, af=alkali feldspar, b=biotite, hb=hornblende,
px=pyroxene (undifferentiated). Sample locations are shown on figure 5

Figure 35. Photomicrograph of the tuff of Ellis Creek from the ridge between
Cabin Creek and Fourth of July Creek (sample number 7-28-6-92}. This area
was mapped as Te by Ekren (1988), and Fisher and others, (1992}.
\~

Figure 36. Photomicrograph of the tuff of Ellis Creek from the ridge between
Fourth of July Creek and Porphyry Creek (sample number 6-15-3-93).
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Figure 37. Photomicrograph of the quartz-biotite tuff from the Silver Creek
drainage (sample number 6-22-2-92). This area was mapped as quartz-biotite
tuff by Ekren (1988) and Fisher and others, (1992).

Figure 38. Photomicrograph of the quartz-biotite tuff from Porphyry Ridge
(sample number 8-4-6A-92).
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Figure 39. Photomicrograph of the tuft of Castle Rock from Fourth of July
Creek drainage (sample number 6-22-4-92). The area was previously mapped
as tuft of Castle Rock by Ekren (1988) and Fisher (1992).

Figure 40. Photomicrograph of the fractured rhyolite ash-flow tuft collected
on Moyer Ridge (sample number 6-18-10-92).
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Figure 41. Photomicrograph of the tuff of Challis Creek from an exposure
1/2 mile north of Challis, Idaho (sample number 93-1, collected by S. Janecke) .
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Figure 42. Photomicrograph of the tuff of Porphyry Ridge collected near the
base of the unit on Porphyry Ridge (sample number 6-12-2-93).
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Figure 43. Photomicrograph of the tuft of Porphyry Ridge collected from the
base of the radio tower on Porphyry Ridge (sample number 8-8-3).

Figure 44. Photomicrograph of the from the fractured rhyodacite tuft
(sample number 6-19-1-92). The sample was collected near the junction of
Moyer Creek and the South Fork of Moyer Creek.
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